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About 
Pests Have Enemtes Too: 
Teaching Young Scientists About 
Biological Control 
Yard pest — dandelion 
The background material for teachers and the student activities that make up Pests Have 
Enemies Too were designed to help young scientists become aware of what biological 
control is and how it can be used to help manage various types of pest organisms that 
plague humanity. The material in this booklet is likely to be unfamiliar to most middle 
and early high school students and should be used to supplement existing curricula and 
texts on biology, ecology, and environmental education. Pests Have Enemies Too is not a 
curriculum; rather, it is a sequence of activities designed to give students a broad over- 
view of biological control. The concepts presented in these materials are based on sound 
scientific research and should provide students with the necessary information about this 
very important topic so that they may make informed decisions about pest control and 
pest management in the future. 
Each activity is organized by objective, skills to be mastered, vocabulary to be 
introduced, materials needed to complete the activity, comments to the teacher, and 
procedure to be followed. We have chosen not to include specific evaluative material. We 
hope that the completed activities and their products will provide teachers with sufficient 
bases for evaluation. A glossary of the vocabulary to be introduced is included at the end 
of the guide. Teachers of grades 5-10, as well as Scout, 4-H, and other youth groups, will 
find that the activities in Pests Have Enemies Too are easily adapted for a variety of ages. 
Several of the activities may serve as science fair projects or as projects for cooperative 
groups of four or five. 
Flea — pest to humans 
and other beasts 
W. humans have always been a mobile 
species. Mongols roamed the deserts and steppes of 
Central Asia, Native Americans walked across the 
Bering Land Bridge to what is now North America, 
and the early European powers—England, Spain, 
France, Portugal, and others—sailed every ocean and 
colonized virtually the entire world. Mobility has 
made us all part of a truly global society. Today, on 
an earthly scale, we cross the widest ocean in a 
matter of hours, and a trip around the world takes 
only a few days. On a heavenly scale, we have 
traveled to the moon and back in a matter of days, 
satellites orbit the Earth every 100 minutes, and the 
space shuttle circles the Earth approximately 15 times 
a day! 
Organisms other than humans are also highly 
mobile. Each plant or animal found on the Earth 
originally existed in what biologists term its range, 
the region throughout which it naturally lives or 
occurs. Ranges expand or contract in response to 
such natural events as changing weather conditions, 
availability of food, volcanic eruptions, floods, and 
droughts. Over the course of history, however, the 
ranges of many organisms have been greatly ex- 
panded (or reduced) through the actions of humans. 
In some instances, these range expansions are 
viewed as a universal good. In others, such disrup- 
tions of the natural order have caused, and continue 
to cause, serious problems for the human species. In 
many cases, organisms (both plants and animals) that 
now occur in regions where they originally were not 
present have become what we call pests. Examples in 
North America include the European starling (a 
bird), purple loosestrife (a plant), zebra mussel (a 
mollusk), Hessian fly (an insect), and a host of others. 
Over the years, we have attempted to eradicate, 
control, or simply manage the population size of 
these pest organisms. Often our efforts have been less 
than successful, and some methods, such as the 
overuse of pesticides, have resulted in dire conse- 
quences—environmental contamination, loss of 
nontarget species (species that were not the object of 
the control effort), creation of resistant pests (pests 
that are no longer killed by a pesticide), and the 
emergence of secondary pests (organisms that 
initially were not considered pests). 
What Is Biological Control? 
One strategy that has been used throughout recorded 
history to deal with pest organisms, but one that is 
certainly underused today, is biological control. As 
early as 1200, Chinese farmers were putting ant nests 
in citrus and litchi trees to help control a stinkbug. 
During the same period in what is today Yemen, 
ant nests were brought from the adjacent hills and 
placed in date palms to control a variety of pests. 
Today, we define biological control as the use of 
biological (living) organisms (parasites, predators, or 
diseases) to suppress (keep at acceptable levels) pest 
populations. For our purposes, the techniques of 
biological control can be used on pests that fall into 
four categories: insects, plant pathogens (disease- 
causing organisms), nematodes (parasitic worms), 
and weeds. In this publication, we concentrate on two 
groups of pest organisms: insects and weeds. 
What Is a Pest? 
Humans spend a significant portion of their time, 
energy, and financial resources dealing with pests. 
Basically, a pest is any organism (plant or animal) that 
occurs where we do not want it (weeds in the garden, 
cockroaches in the house), annoys us (bites or stings), 
destroys something that we need or desire (our crops 
and our houses), or causes disease (malaria, encepha- 
litis). Unfortunately, during every second of every 
day pests are boring, biting, chewing, and sucking 
their way through our crops, our possessions, and 
sometimes us. 
Swarm of locusts infesting crops. 
We should note, however, that only a very 
small percentage of organisms fall into the category 
of pest. Consider insects, for example. Of the nearly 
one million kinds of insects known to scientists, only 
about 3,500 are considered harmful to humans. In the 
United States, only about 600 species of insects are 
pests, but this list includes some of the most impor- 
tant nemeses of the agricultural and urban land- 
scape: Japanese beetle, gypsy moth, European corn 
borer, Mediterranean fruit fly, Hessian fly, and boll 
weevil. 
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Stinging wasps 
During every second of every day, Kitchen visitors—cockroaches 
pests are boring, biting, chewing, and 
sucking their way through our crops, 
our possessions, and sometimes us. 
Unwelcome house guests: army of termite 
workers 
Although it is rare in the United States, malaria transmitted 
by moquitoes is a problem in other parts of the world. 
Not all pests are animals. Any plant that is 
growing where a human doesn’t want it may be 
called a “weed.” That term includes all manner of 
undesirable plants and members of just about all 
plant groups, including trees, shrubs, grasses, sedges, 
and aquatic plants. A beautiful sugar maple growing 
in a front yard is highly prized, but hundreds of 
sugar maple seedlings growing in a vegetable garden 
are a pest and will be quickly weeded out by the 
conscientious gardener. The problems weeds cause 
fall into several general categories. Weeds compete 
with more desirable plants (crops and ornamentals) 
for the essentials of life—moisture, nutrients, light, 
and growing space. Weeds also can harbor insect and 
disease pests or simply look bad and affect property 
or aesthetic values. In a special category, plants 
introduced from other countries can have drastic 
effects on native vegetation in natural habitats. 
Purple loosestrife, for example, is a major pest in 
North American wetlands and garlic mustard has 
len 
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Yard overgrown with dandelions and jimsonweed. 
Purple loosestrife, a noxious weed 
of wetlands. 
equally devastating effects in woodlands. Both 
species quickly outcompete and displace native 
vegetation. 
Why Is Insect and Plant Biology So Important to 
Pest Control? 
Before we can control or manage any pest (plant or 
animal), we must be familiar with relevant aspects of 
its biology. This information is important for at least 
two reasons. First, knowing about an organism helps 
in its identification, for we must know what plant or 
animal we are dealing with before we attempt to 
control it. Second, understanding its life cycle and 
other facts about the pest may help a scientist dis- 
cover the “weak link” where management is most 
likely to succeed with the least harm to other organ- 
isms and the environment. Such information is 
absolutely essential if any form of biological control 
is to be attempted. 
Insects. The first step, and often a difficult task, 
is giving an insect a name. All insects and their close 
relatives (for example, crustaceans, spiders, mites, 
and ticks) share certain features—an exoskeleton, 
paired jointed appendages (legs), and a body divided 
into segments. These animals are called arthropods 
(jointed foot). If we consider only adult insects, other 
characteristics are useful—one pair of antennae, three 
pairs of legs, a body divided into three parts (head, 
thorax, abdomen), and usually the presence of wings. 
Insect parts 
Antenna 
Because there are so many different kinds of plants 
and animals on Earth, scientists have devised a 
system of classification. The process whereby we 
assign an organism a name is called taxonomy. The 
taxonomic hierarchy (ranking) for the Colorado 
potato beetle is illustrated below. Note that its 
scientific name (Leptinotarsa decemlineata) is a combi- 
nation of the genus and species and is written in 
Latin, once considered the “universal language.” All 
Colorado potato beetles, regardless of where they 
live, share this name, which is unique to this species; 
no other species share this name. Similar species that 
are the most closely related share the genus name but 
have different species names. This two-part naming 
system is called binomial nomenclature and was 
developed by the Swedish botanist Carolus Linnaeus 
during the eighteenth century. 
Colorado Potato Beetle 
KINGDOM Animalia (animals) 
PHYLUM Arthropoda (arthropods) 
CLASS Insecta (insects) 
ORDER Coleoptera (beetles) 
FAMILY Chrysomelidae (leaf beetles) 
GENUS Leptinotarsa 
SPECIES decemlineata 
As noted above, adult insects have three pairs 
of jointed legs and three distinct body regions: head, 
thorax, and abdomen. The head is the sensory center 
of the insect and houses the brain, eyes, and anten- 
nae. Isects also take in food using many different 
kinds of mouth parts. Because these mouth parts 
vary widely, they help in the taxonomy or classifica- 
tion of insects. Fly maggots have mouth parts that are 
only simple hooks, but dragonflies, mantids, grass- 
hoppers, beetles, caterpillars, ants, and wasps have 
chewing mouth parts. Unlike humans who chew 
with an up and down motion, insect mandibles 
operate side to side to bite off chunks of food and 
grind them up before swallowing. Other insects have 
mouth parts that are modified into a sucking or a 
piercing and sucking tube. Butterflies and moths 
suck their food through a long, coiled tube, and 
stinkbugs and leafhoppers pierce plants and suck 
their sap (some stinkbugs are also predators and eat 
other insects). Mosquito and flea mouth parts work 
like tiny hypodermic needles that pierce skin and 
suck blood. Tiny thrips use their mouth parts to rasp 
away one surface of a leaf and suck up exposed 
juices. Houseflies have sponging mouth parts to dab 
up such delightful substances as liquefied manure 
and decaying plant and animal material before 
landing on our plates and sampling our dinner. 





(piercing and sucking) 
Fly (sponging) 
Insects are also classified by the way they grow 
and develop, or metamorphose—change form, 
structure, or character during their normal growth. 
Insects with incomplete metamorphosis have three 
life stages. Eggs hatch into nymphs (called naiads if 
aquatic) that look like miniature adults; they shed 
their skins several times (molting) until they become 
adults. The major differences, in many cases, be- 
tween nymph and adult are that the wing pads 
become larger at each molt until they are fully 
formed in the adult and that the reproductive organs 
are mature in adults. Nymphs and adults usually, 
but not always, feed on the same type of food. 
Exceptions occur among the aquatic insects where 
many adults do not feed at all. Insects with complete 
metamorphosis have an additional life stage and the 
young do not resemble the adult. Eggs hatch into 
larvae that grow and molt several times. When fully 
grown, the larvae molt into the pupal stage, which 
allows them to transform themselves into completely 
different-appearing adults. Lacewings, beetles, 
butterflies, moths, mosquitoes, flies, fleas, bees, ants, 
and others experience complete metamorphosis. 
Insect larvae have various names, depending on the 
group to which they belong, such as grubs (beetles), 
maggots (flies), caterpillars (butterflies and moths), 
and wrigglers (mosquitoes). It is important to note 
that most larvae do not rely on the same food source 
as the adults; thus, if the insect is a pest, damage to 
our crops or to us usually occurs during only one 







Weeds. As with insects, the first step in dealing 
with a weed ona large scale is to give it a name. 
Nomenclature is not a problem for home gardeners 
who usually pull up the offending party without Annual Plant Life Cycle 
really caring what its name is. This attitude and 
technique is less practical in agricultural or other 
wide-scale control programs. In most cases, pesti- 
cides (called herbicides) are used to control un- Jae 
wanted plants on a large scale. Just as with insects, 
however, controlling weeds should be based on 
sound biological information, such as the type of 
plant, its life cycle, and its means of reproduction. 
Like insects that are often easiest to control when Winter 
they are nymphs or larvae, weeds are easiest to deal 
with as seedlings. Once past this stage, the next most 
susceptible period depends on the nature of their life 
cycles. 
Weeds, like all plants, may be divided into K 
annuals, biennials, or perennials. Annual weeds 
complete their life cycle in one year, and most weeds 
fall into this category. Fortunately, annual weeds are 
the easiest to control or manage because they repro- 
duce the following year only from seeds produced 
the previous year. Thus, the two weak points in their 
life are when the seedlings emerge and at the time of 
seed production. If we prevent the latter from 
occurring, the problem is pretty much eliminated. 
Biennial weeds live for two years. The seed germi- 
nates in the spring and the plant forms a low- 
growing cluster of leaves called a rosette. During the 
second year, the plant flowers and produces seed 
before it dies. Biennials are most susceptible during 
the seedling and rosette stage. Perennial weeds live 
longer than two years and may be either woody (if 
the stems overwinter) or herbaceous (if only the root 
systems overwinter). These weeds reproduce either 
by seeds or by vegetative growth. Vegetative repro- 
duction may be in the form of creeping underground 
stems (rhizomes), creeping aboveground stems 
(stolons), or various other means. A perennial weed 






Perennial Plant Life Cycle 
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Why Use Biological Control? 
Our current pest control system relies heavily on 
synthetic organic pesticides (artificial, carbon-based 
chemicals) to kill unwanted insects (insecticides) and 
weeds (herbicides). Over-reliance on pesticides, 
however, has caused major biological problems and 
generated broad environmental concerns. The 
dangers associated with overuse are well docu- 
mented and were brought to the forefront of public 
awareness with the publication of Silent Spring by 
Rachel Carson in the 1960s. 
Problems associated with pesticide use. Many 
problems are created when pesticides are overused 
or used incorrectly; several are listed below. 
¢ Most chemical pesticides are not selective in 
what they kill. Chemicals sprayed to kill 
apple pests, for example, are likely to be 
poisonous (toxic) to other insects that are not 
pests, such as butterflies; to beneficial insects, 
such as the predators and parasites of the 
apple pest; to honeybees, birds, and other 
wildlife; and ultimately to humans and other 
mammals. 
By indiscriminately killing organisms that 
are not pests (nontarget species), pesticides 
may disrupt habitats by destroying parasites 
and predators, thus allowing other organ- 
isms that were kept in check by these benefi- 
cial insects to multiply and become 
pests. We call these insects secondary pests. 
Pest populations frequently become resistant 
to pesticides over time. A resistant popula- 
tion is one that has developed a tolerance for 
a particular pesticide or a mechanism to 
detoxify the pesticide, or one that has 
become resistant through some other mecha- 
nism. All types of resistance result from an 
evolutionary process called natural selection. 
Residues (remains) of pesticides that remain 
on foodstuffs may pose a danger to humans 
and their animals. 
Pesticides, particularly herbicides, often 
make their way through the soil and end up 
as contaminants in groundwater. 
Despite this distressing list of pesticide- 
induced woes, pesticides continue to be the most 
important weapon in our arsenal against organisms 
that attack us and our food. For agriculturists trying 
to make a profit while producing foodstuffs for an 
ever-increasing world population, uncontrolled pest 
problems can be an economic catastrophe. When a 
pesticide fails to do its job for any reason, the grower 
usually seeks what is often advertised as a newer, 
better chemical for next season. Further compound- 
Some insects develop a resistance to pesticides. 
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Spraying apple trees incorrectly with pesticides is 
harmful to beneficial insects and can be toxic to 
other wildlife. 
ing the problem is what scientists call “insurance 
treatments” of pesticides—a spraying schedule based 
on the calendar, not on the presence or absence of 
pest organisms. Under this scenario, alternative 
management plans, such as integrated pest manage- 
ment (IPM) that incorporates various control strate- 
gies (including biological control), are seldom 
considered. Scientists call this sole reliance on 
pesticides “the pesticide syndrome.” 
Fortunately, attitudes about this reliance on 
pesticides have changed and progress is being made. 
No one can doubt that pesticides, when properly 
used, are a great benefit to humanity, but scientists 
urge everyone involved in solving pest problems to 
adopt an ecological approach and evaluate and use 
all control measures that are applicable to a particu- 
lar situation. We should note here that these curricu- 
lar materials are not about pesticides or about 
integrated pest management, although these topics 
surface throughout our discussion; rather, we will 
explore one alternative pest control strategy— 
biological control. 
JUNE 1994 
Wow! It's Tuesday already. 
I'd better get out there and 
spray my crops! 
Advantages associated with biological 
control. Biological control has several advantages 
over the use of pesticides. Scientists do not expect 
biological control to totally replace pesticides in 
management schemes, but its more widespread use 
would certainly improve human existence and 
environmental quality. The major positive aspects of 
biological control are listed below. 
e The organisms used in biological control 
should be nonpolluting and environmentally 
safe. They usually cause harm only to the 
target pest and should have little or no effect 
on overall native biological diversity. Be- 
cause of these requirements, the information 
needed to develop biological control pro- 
grams must come from basic research. 
¢ In many cases, biological control is a realistic 
alternative to strict reliance on chemical pes- 
ticides. 
e The use of alternative control measures, such 
as biological control, actually increases the 
life span of a particular pesticide by slowing 
down the evolution or development of 
resistant pests. 
¢ Biological control is compatible with new 
farming schemes, such as low-input, sustain- 
able agriculture, and results in cost-effective 
and long-term pest management. (The terms 
low-input and sustainable refer to the 
decreased use of all forms of energy in 
farming, including pesticides, fertilizers, and 
fuels. These reductions are accomplished 
through a variety of techniques, such as the 
use of biological control for pest manage- 
ment, green manures for fertilizers, and no- 
or low-till practices for the conservation of 
fuel and soil.) 
Why Has Biological Control Developed Slowly? 
Biological control is currently used in the United 
States but only at a low level. Why? Several reasons 
have limited its use as a widespread pest manage- 
ment strategy: 
¢ Pesticides are easily applied and produce 
rapid, dramatic control of pests. Biological 
control agents, however, are necessarily 
diverse and specific. They often require 
unique approaches for application or release. 
In addition, they act more slowly and are 
more subtle in their actions. They reduce 
pest populations rather than totally 
eliminate them. 
¢ Unlike broad-spectrum pesticides that are 
effective against a wide variety of pest 
species, biological control agents are usually 
specific to one or only a few species. Some 
may need to be applied only once to become 
established and to continue to work effec- 
tively. Although single or limited 
applications and long-lasting effects are 
positive qualities for society and the envi- 
ronment, these features inhibit the develop- 
ment of biological control agents as a com- 
mercial enterprise. Consequently, biological 
control agents may remain unavailable to 
pest management personnel. 
The discovery of new biological control 
agents and their development for use, 
particularly in locations where they were not 
originally found, require extensive research 
to provide the information needed to predict 
their potential effectiveness and to ensure 
safety in their use. No one wants to 
release an organism to control a pest and 
later discover that the released organism has 
proved detrimental in other ways. 
The future of biological control in this country 
must deal with social, economic, and political 
barriers if it is to become a major force in our pest- 
control arsenal. Sadly, and almost unbelievably in 
this information age, we still lack basic knowledge 
about the biology and ecology of most pest organ- 
isms. Much of our research budget has been directed 
toward the production of the largest quantity and 
best quality of food and fiber. That objective, how- 
ever, is no longer adequate. The challenge for tomor- 
row must also include the development of environ- 
mentally compatible and economically competitive 
pest management strategies. Biological control will 
be a keystone in the future management of pests. 







Biological control — keystone of pest management 
Natural Control: Is It the Balance of Nature? 
Anyone who views the natural world in more than a 
casual way—for example, those of us who collect 
butterflies, observe wildflowers, or hunt and fish— 
has consciously or unconsciously made certain 
observations about the prevalence of organisms. One 
organism may be more or less consistently abundant 
in a given area while another may be less common; 
others may be so rare as to become a prize in the net 
or on the hook. A fisherman in a favorite pond may 
catch mostly small bluegill over the years, occasion- 
ally a black bullhead may end up on the bank, but 
only rarely will a prized largemouth bass be in the 
skillet for an evening meal. This simple example 
illustrates the characteristic or normal abundance of 
different species and the process by which popula- 
tion numbers are maintained within certain upper 
and lower limits by their interaction within the total 
environment. In our fish example, the bluegill are 
plant feeders that are abundant but seldom grow 
very large because their food is in limited supply. The 
bullhead catfish is a scavenger on the bottom and 
may grow quite large, but the total population size 
will remain small because the site can support only a 
few large specimens. The largemouth bass is the top 
carnivore in the food chain and feeds on insects and 
other fish. It will be the least abundant because it is 
also limited by the amount of available energy (food) 
and by competition for that food with other members 
of its species. Thus, the fisherman’s pond achieves a 
kind of balance among the variety of species it 
supports and the size of their populations. 
To summarize, populations of species vary 
somewhat from year to year but usually within the 
upper and lower limits imposed by their environ- 
ment. Rarely do drastic changes occur in numbers 
among the different species that live in a more or less 
stable environment. In short, this relatively stable 
state creates what we refer to as “the balance of 
nature.” 
When imbalances occur in plant and animal 
communities (usually caused by humans), either 
through the oversimplification of an environment or 
the accidental introduction of pests without their 
natural enemies, balance can sometimes be restored 
by bringing the natural enemies of the pest to the 
new location and reintroducing them to the pest 
organism. This, in a nutshell, is what biological 
control attempts to do. 
The concept of biological control is based on 
the assumption that the density (number in a given 
area) of noxious species of plants and animals can be 
controlled or regulated largely by their natural 
enemies. Indeed, natural enemies are called density- 
dependent regulators because as prey numbers 
change, natural enemy numbers also change. Two 
basic generalizations help to illustrate this point: 
Natural enemies reduce the numbers of their prey, 
but prey populations largely determine the growth 
rate of natural enemy populations because they 
provide the food necessary for the growth and 
reproduction of their natural enemies. Contrast this 
interdependence with density-independent factors— 
the physical characteristics of the environment 
(drought, storms, floods, temperature fluctuations) 
that act on organisms regardless of their population 
size. Natural enemies, for our purposes here, are 
either those species that naturally occur with the 
pest, or other potential enemies that live in other 
countries and are imported to deal with the pest 
species. What we term "natural control agents" may 
be grouped into three different categories: predators, 
parasites, and pathogens. 
Predators. The organisms that live within a 
community have trophic (food) relationships. Put 
simply, they eat or are eaten by each other. The 
process of eating and being eaten allows energy to 
move through the ecosystem and is called predation. 
Animals that eat other animals (for our purpose, 
insects that eat other insects) are called predators. A 
more specific term for such animals is carnivore. In 
general, predators are animals that kill and eat 
several others (prey) during their lifetimes, and there 
are many examples of biological control by preda- 
tors. Most predatory insects eat a wide variety of 
prey, but a few are specialists that eat only a few 
species. Some examples of predatory insects (and 
kinds of prey, in parentheses) that are important as 
natural control agents for pests are listed below. 
Lady beetle larva with prey 
Order Hemiptera 
stink bugs, minute pirate bugs, damsel bugs, 
assasin bugs (caterpillars or eggs) 
Order Coleoptera Stink bug with prey 




Mantis with prey 
Lacewing larva devouring aphid 
11 
Parasites. A large group of insects makes its 
living by parasitizing other insects. Unlike predators 
that kill and consume their prey, parasites (more 
frequently called parasitoids) usually lay one or more 
eggs in or on a host organism (usually another 
insect). The larva hatches and feeds on the host, 
ultimately killing it. The mature larva usually leaves 
the host (most frequently by burrowing out through 
the exoskeleton) and forms a pupa that is often 
encased in a cocoon from which an adult parasite 
emerges to continue the cycle. Although natural 
control by parasitoids is certainly more subtle than a 
population of pests being attacked and eaten by 
predators, scientists believe that parasitoids are the 
more important natural control agent for a number of 
reasons: Parasitoids are more specific in the host they 
attack and can be more closely tied (adapted) to that 
host; they require far less food than a predator, and 
this characteristic allows parasitoids to maintain a 
balance with their host prey at a lower density; and 
the young, in most cases, do not need to search for 
their food but hatch already immersed in it or sitting 
on it. A few well-known examples of parasitic insects 
that are important as natural control agents for pests 
are listed below. Note that most parasitoids are either 
flies or wasps. These wasps are “mini-wasps” (most 





braconid wasps, ichneumon wasps, 
trichogramma wasps, chalcid wasps 
Life cycle of an aphid parasitoid. (A) Adult parasitoid wasp injects 
an egg into a live aphid. (B) The parasitoid larva feeds within the 
aphid; late in the parasitoid's development the aphid dies. (C) The 
parasitoid pupates within the enlarged, dry shell of the dead aphid. 
(D) The new adult parasitoid cuts an exit hole in the back of the 
aphid and flies away, leaving behind the empty "aphid mummy." 
Parasitic wasp laying an egg in an aphid 
Parasitic wasp laying egg 
inside caterpillar 
Wasp larva inside caterpillar 
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Pathogens. Organisms that cause disease in 
plants or animals are called pathogens. Pathogens 
may be fungi, bacteria, viruses, protozoa, or a 
number of other types of organisms. Pathogens are 
important natural enemies of nearly all insect pests 
and also of many weeds. When an insect population 
has a high infection of a particular disease, scientists 
describe the disease as an epizootic (equivalent to an 
epidemic in humans). In general, epizootics occur 
when insect populations are at high densities; thus, 
diseases are most likely density-dependent natural 
enemies. 
Insect with pathogen 
Pathogens affect pest populations in a number 
of ways, including chronic infections that do not 
produce the immediate die-off found in an epizootic 
but may reduce the vigor of the population, lower its 
reproductive rate, or make it more susceptible to 
external environmental density-independent factors. 
Two characteristics of pathogens, virulence and 
infectivity, are important when deciding whether or 
not they are useful as biological control agents. 
Virulence refers to the severity of a disease; ex- 
tremely virulent pathogens usually kill the host 
quickly. Infectivity refers to the ability of a pathogen 
to move from one individual to another. Highly 
infective pathogens “move” rapidly through a host 
population. Extremely virulent, highly infective 
pathogens can sweep through an insect population, 
killing as they go, which results in control that is 
every bit as dramatic as that seen with many pesti- 
cides. Some pathogens are highly host specific (they 
attack only one or a few species), but others attack a 
broad spectrum (many different) hosts. 
What Are the Types of Biological Control? 
Generally speaking, the population of a given species 
increases in a favorable environment. As it increases, 
however, it brings about forces that cause growth to 
slow or stop (these “forces” may be other species like 
predators or parasites that use it for food or internal 
factors that are genetic in nature); in most cases, these 
forces cause populations to decrease. As the popula- 
tion decreases, these forces also decrease or relax, 
and the species again begins to increase. This fluctua- 
tion of a given species and the density-dependent 
forces that keep it from getting too large result in a 
steady state or "balance” in a population. 
When we consider pests in agricultural or 
other artificial systems (such systems are often very 
simple in ecological terms because only one or a few 
species are present), we often do not have the normal 
steady state, especially when the pest has been 
introduced from somewhere else without any of the 
natural enemies that helped to keep its numbers from 
getting too large in its original environment. Thus, 
the system is out-of-balance and requires an inter- 
vention from the outside. In most cases, this inter- 
vention has taken the form of pesticide applications 
to control a pest or group of pests. 
Typical growth curve for an introduced organism 
that has become a pest. This unlimited growth is 




This scenario leads us to a discussion of the 
three types of biological control that we will con- 
sider: (1) creating conditions favorable to the conser- 
vation and enhancement of natural enemies that 
already exist in the environment; (2) locating, import- 
ing, and establishing natural enemies against both 
foreign and native pests; and (3) augmenting or 
adding natural enemies by rearing large numbers of 
them and releasing them against a pest—an ap- 
proach that could be called “living pesticides.” 
Before we advance further into the types of 
biological control, we must learn a little about the 
economics of pest control. Two concepts are impor- 
tant when dealing with a pest: economic injury level 
and economic threshold. The economic injury level 
(EIL) is the lowest number of pests that causes 
damage of economic significance. In simpler terms, 
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the pest is doing enough damage to cause the grower 
to lose money. The economic threshold (ET) repre- 
sents a somewhat lower population of pests but one 
that is high enough to indicate that action must be 
taken to prevent future economic loss. In other 
words, the population of pests is lower than the 
economic injury level but will grow large enough to 
reach it if nothing is done to prevent further growth. 
Economic Loss 
Occurring 
Control Here to Prevent y Economic Injury Level 
Economic Loss 
Ecenomic Threshold 




Biological control has the same fundamental 
objective as any pest control strategy—to minimize 
or eliminate economic loss. The decision to use a 
biological control, however, must be considered in 
relation to whether or not a crop or other system (for 
example, a forest or mosquito-breeding pond) has an 
appropriate and realistic EIL and ET. Natural en- 
emies, by their nature, cannot and will not prevent all 
damage by a pest. All the corn rootworms will not be 
killed, all the mosquitoes will not disappear, all the 
weeds will not die out. Thus, if reduced or modest 
levels of injury in a particular crop are unacceptable, 
a method of control other than biological control 
should be attempted. In reality, however, if realistic 
EIL’s and ET’s are accepted by the scientific commu- 
nity and the general public, biological control could 
be part of most pest control programs. 
Conserving controls that occur naturally. The 
first consideration of any program of pest manage- 
ment should be the conservation and enhancement of 
existing populations of natural enemies. At the very 
least, this approach should reduce the need for other 
tactics, such as pesticides. In some cases, such an 
approach might even eliminate the need for control 
and lower the status of the offending organism to 
that of a nonpest. 
Conserving natural enemies means that we 
must avoid doing whatever destroys them; for 
example, using broadscale pesticides, applying 
pesticides at a crucial time in their life cycles, or 
destroying overwintering stages of the natural 
enemy. Enhancement of natural enemies means that 
we try to lengthen their life spans, improve their 
reproductive success, and increase the attractiveness 
of a habitat to them. For example, nectar-producing 
plants that serve as food for parasitic wasps could be 
planted near a field or orchard. 
Some of the tactics that have been used to 
conserve natural enemies and enhance their popula- 
tions are as follows: 
¢ Protecting natural enemies from pesticides. 
The use of pesticides has interfered with the 
natural control cycle on numerous occasions. 
¢ Avoiding harmful cultural practices, such as 
mowing, burning, and plowing, that could 
disrupt the life cycle of a natural enemy. 
Each practice should be evaluated with 
regard to natural enemies and eliminated if 
harmful. 
¢ Creating a habitat rich in natural foods, such 
as nectar and pollen, for natural enemies. 
This tactic is particularly important for many 
parasitic wasps that rely on nectar-producing 
plants for energy. 
¢ Providing artificial shelters and artificial food 
sources. Both may help natural enemies by 
supplying nesting sites or alternative energy 
sources in the otherwise sterile environment 
of an agricultural field. 
Wasp on nectar-producing flower near orchard. 
The flower provides food for the adult parasitic 
wasp, thus making the environment of the 
orchard more favorable for its role as a natural 
control of apple pests. 
Importing the exotic. When an organism is 
introduced into an area, whether accidentally or for 
some purpose, its natural enemies are usually left 
behind. In many cases, these introduced or exotic 
organisms find conditions suitable and are apt to 
become pests. The gypsy moth is perhaps the best 
known example. A native of Europe and Asia, it was 
introduced into North America in 1869 by Leopold 
Trouvelet, a French scientist who was attempting to 
develop a silk industry and wished to cross the 
gypsy moth with the silk moth to produce a new and 
improved silk-producing caterpillar. He obviously 
failed in this endeavor, but he did succeed in “losing” 
a few gypsy moth caterpillars that he was growing 
on a tree near his house in Medford, Massachusetts. 
The rest is history. The gypsy moth soon became 
established and has been and continues to be the 
most destructive forest pest in the eastern United 
States. 
We can readily understand why introduced 
insects can become pests, but we may be puzzled to 
learn that organisms native to a region can also 
become pests. Why, for example, wouldn’t the 
natural enemies of a native corn insect keep its 
numbers down through natural control? The answer 
lies in the changing ecology of a region. Diabrotica 
beetles (corn rootworms) were present in the prairie, 
the predominant midwestern habitat during the last 
10,000 years, where they fed on a number of grass 
species. Because the environment was diverse, 
however, with hundreds of species of plants and 
thousands of kinds of other animals, the impact of 
these “corn pests” was minimal. With settlement, 
virtually all of the prairies disappeared (particularly 
the tallgrass prairies of Illinois and Iowa) and were 
replaced by millions of acres of a single grass— 
corn—that provided rootworms with an unlimited 
food supply. The environment was no longer diverse, 
and many of the natural enemies of the corn root- 
worms either disappeared or declined because the 
new agricultural environment was less suitable for 
them. Thus, even though corn rootworms are native 
insects, they were able to overwhelm their natural 
controls and become pests with serious economic 
consequences. 
In both of these cases, natural enemies can be 
imported and released either to serve as virtually the 
only natural control (in the case of an introduced pest 
like the gypsy moth) or to supplement already 
existing natural enemies (remember that enhancing 
native natural enemies is also an important tactic). 
Importing and releasing a natural enemy is often 
called “classical biological control.” Any attempt to 
establish organisms new to a region must be done 
with great care and based on extensive research. No 
one wants to create unforeseen problems while 
trying to control a particular pest. Growers, pest 
managers, and others who deal with pest control on 
a daily basis, therefore, are not the ones who are 
directly involved in developing a biological control 
program for a particular region or crop. This job is 
for scientists in the fields of entomology, parasitol- 
ogy, and ecology. Thus, biological control programs 
may take a long time to develop, but once imple- 
mented, the cost over the long term can be negligible. 
Scientists follow several basic principles when 
selecting organisms to bring into a new region or 
country as biological control agents. To be effective, 
an introduced natural enemy should prey only or 
mostly on the specific pest that is to be controlled or 
managed. The imported natural enemy should come 
from a region with a similar climate and from a 
biological community similar to the one into which it 
is being introduced. Obviously, if the natural enemy 
cannot survive and reproduce in its new environ- 
ment, the attempt at biological pest control will fail. 
The new organism must also be easy to capture in 
large numbers in its native home or be easy to rear in 
large quantities for release in its new home. If a 
biological control program is to succeed, thousands, 
even millions, of individuals must be released into 
Go forth and multiply! 
the environment, usually over a period of years. Such 
large-scale releases insure that enough males and 
females are present in the new habitat so that they 
can find each other, mate, and reproduce. In addition, 
the capture and rearing of these natural enemies 
must be relatively inexpensive. Perhaps of even 
greater importance, an organism to be used in 
biological control must have little or no direct or 
indirect effects on nontarget organisms in the new 
environment. Finally, the introduced organism must 
not itself become a pest. Thus, before releases take 
Its) 
place an organism to be introduced as a natural 
enemy must be studied carefully both as an indi- 
vidual species and as a part of the intricate interrela- 
tionships that will be found in the new environment. 
Organisms that are brought in as biological control 
agents are kept in quarantine to make sure no other 
similar organisms will be “accidentally” introduced 
with them. 
Living pesticides. Mass rearing and periodic 
release of huge numbers (usually in the millions) of 
predators, parasites, or even disease-causing organ- 
isms are the biological equivalents to pesticides and 
are called inundative releases. Unlike pesticides, this 
method is usually quite expensive and is generally 
used only with high-value crops and in relatively 
small areas. The object of such a release is to over- 
whelm the pest and cause its rapid decline. When 
used in this fashion, natural enemies are often not 
expected to survive into the next year. The advan- 
tages of this method of control over pesticides are 
that it is environmentally safe, does not leave a toxic 
residue on the crop, and is specific to the pest. The 
disadvantages are that it is often difficult to imple- 
ment and usually quite expensive. 
Two less-intensive and less-expensive releases 
are inoculative and supplementary releases. Inocula- 
tive releases refer to the culture and release of a 
natural enemy that may be killed by unfavorable 
conditions during part of the year but will grow and 
reproduce sufficiently during one growing season to 
help control a pest. In an ideal situation, an inocula- 
tive release would need to be done only once before 
the released organism became established and 
continued as a useful natural enemy. This outcome, 
unfortunately, has occurred infrequently. A supple- 
mentary release of a natural enemy prevents further 
population increase by the pest and increases the 
population of already existing natural enemies. It 
should take place before a pest reaches the economic 
threshold or injury level. 
Biological Control: Is It Ethical? 
Although few risks may be attached to the conserva- 
tion or enhancement of populations of natural 
enemies already present in the habitat with the pest, 
some scientists and policy makers question whether 
classical biological control (importing natural en- 
emies from other countries) is a viable pest manage- 
ment strategy because of biological and ethical 
considerations. Those who endorse classical biologi- 
cal control offer convincing arguments for its safety 
and effectiveness, if these programs are carried out 
by trained scientists. Others question its use because 
of concerns about the preservation of native plants 
and animals that could be at risk, especially in 
isolated places like New Zealand, Australia, and 
Hawaii that have many endemic species (those found 
nowhere else). Claims have been made, for example, 
that the introduction of parasitoids into Hawaii has 
had a detrimental effect on native butterflies and 
moths, but no direct effect has been proven. Given 
the habitat destruction, pesticide use, and other 
environmental problems found in Hawaii, biological 
control cannot be singled out as the cause of the 
decline in butterfly and moth populations. Still 
others express even broader concerns; for example, 
could biological control agents alter the composition 
of communities or even entire ecosystems? In the 
long term, these concerns are likely to help in the 
establishment of biological controls because they will 
lead to more careful research on any natural enemy 
that is a candidate for release. Such studies can help 
scientists understand the ecological and biological 
impact these organisms are likely to have on the 
target pest or pests and on the total environment. 
Why Is Biological Control Not Used More? 
In addition to the reasons noted earlier (see Why Has 
Biological Control Developed Slowly?, page 9), the 
expectations of the public and the standards of food 
producers have also deterred the use of biological 
control. 
Consumer perception. To the consumer’s eye, 
fruits and vegetables for purchase should have an 
unblemished surface with no trace of insects or their 
damage. If we look at what this attitude really 
means, we find that the economic injury level for 
these products is essentially zero! To test this state- 
ment, merely go to a local farmer’s market or to the 
produce section at the grocery store and observe. At 
the end of the day, a truckload of sweetcorn that has 
“sold out” 
will still have 








small amount Nes 
of feeding SS : 
damage IN 
caused by the “~~ 
corn ear- 
worm; yet those few damaged kernels have made a 
perfectly formed, quality ear of corn totally unaccept- 
able. The same scenario can be observed with most 
fresh produce. 
To understand what this consumer attitude 
means to the producer is enlightening. With a zero 
tolerance (no damage accepted) for damage, growers 
must try to control 100% of all potential insect pests. 
This requirement is impossible to meet and will 
probably result in the use of large amounts of pesti- 
cides and in the increased cost of the produce. The 
use of biological control agents is virtually precluded 
because, by its very nature, biological control will not 
(and should not) eliminate entire populations of 
pests. Small amounts of damage invariably will 
appear on produce. 
What are the answers to this dilemma? One 
solution involves the education of consumers so that 
they will accept a small amount of insect damage in 
the fruits and vegetables they purchase. Produce 
could be labeled to let the consumer know how much 
pesticide was used in its production; for example, 
from no pesticides used to high levels used to 
produce perfect unblemished produce. Such informa- 
tion would allow the consumer to make an informed 
choice. Another answer may be to use biological 
control only to manage indirect pests—those that do 
not feed directly on the product. For example, a 
natural enemy might be used to control a caterpillar 
that feeds on the leaves or stalks of corn but would 
not be used on a pest that feeds directly on the 
kernels of the ear. Such management plans are 
complex and must involve a variety of compatible 
control strategies. Reducing the use of pesticides is a 
complex problem that will require complex solutions. 
Grower perception. Because of the complexi- 
ties involved in the use of many biological control 
agents, growers will need to become familiar with 
interactions between natural enemies and hosts, or 
they will have to hire specialists to provide training 
or information. In many cases, growers have unrea- 
sonable expectations because of their long experience 
with pesticides. They have come to believe that 
natural control agents must work completely to 
control pests or they believe they don’t work at all. 
Unfortunately, agricultural systems are highly 
artificial, and biological control must often be com- 
bined with other control strategies to achieve eco- 
nomic control. A final confounding factor is the belief 
on the part of growers that biological control strate- 
gies, if they are to compete with pesticides, must be 
simple to use, inexpensive, and permanent in their 
effect. In an ideal world, this expectation might be 
realized. In practical terms, however, biological 
control is designed to be only one of the tools in an 
overall pest management scheme. 
What Constitutes a Biological Control Program? 
No discussion of biological control programs is 
complete without reference to a pair of outstanding 
early successes. One took place in California and the 
other across the Pacific in Australia. 
Success in California. The cottony-cushion 
scale (Class Insecta, Order Homoptera), a native of 
Australia, was accidentally introduced into Califor- 
nia around 1868. By 1887, it threatened to collapse 
the new citrus industry with a massive infestation. 
Australia was thought to be its native home because 
the scale was a pest in every other location in which 
it was found. The Chief of the Division of Entomol- 
ogy of the Federal Government, C.V. Riley, thought 
that Australia should be searched for natural enemies 
of the cottony-cushion scale; this task was under- 
taken by Albert Koebele, a well-known entomologist, 
who sailed for Australia in August 1888. Within a few 
months, Koebele had located one fly parasite, a 
lacewing predator, and a few lady bird beetles in the 
genus Rodolia that apparently preyed on the scale. 
Twenty-eight specimens of Rodolia (common name, 
vedalia beetle) reached California in November 1888, 
44 arrived in 
December, and i 
57 were admitted | 
in January 1889. 
All were placed 
under a scale- 
infested citrus 
tree that had 
been enclosed in 
a tent. By spring 
1889, all scales 
appeared to have 
been eaten. The 
tent was re- 
moved, and 
colonies of the 
beetle were 
reared and sent 
around the state. 
By June, more 
than 10,000 lady 
beetles had been 
shipped. Entire 
valleys where 
trees had for- 
merly been 
infested were 
free of the scale 
by 1889, and 
recent studies have shown that the vedalia beetle 
remains effective today! This dramatic success 
launched biological control as a viable pest manage- 
ment strategy. Note: With the increased use of DDT 
after World War II, growers tried this “miracle” on 
their trees. The lady beetles were all killed, leading to 
a resurgence of the cottony-cushion scale as a major 
pest! At that point, industrious growers who hadn’t 
sprayed their groves were selling vedalia beetles at 
$1 each! 
Success in Australia. A species of prickly pear 
cactus (Opuntia stricta) was imported into Australia 
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by vedalia beetles 
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eighteenth century. Cacti are native only in the 
Western Hemisphere. By around 1900, Opuntia had 
become a problem on Australian rangeland and over 
10 million acres were infested. Land prices plum- 
meted, and the cactus formed impenetrable thickets 
that kept cattle from reaching what little grass 
remained. Portions of the United States, Mexico, and 
Argentina were scouted for Opuntia-feeding insects. 
Many were found, and a few of the more promising 
ones were released in Australia. In 1925, a small 
shipment of eggs from a moth, Cactoblastis cactorum, 
was received from Argentina. Over the next few 
years 2.25 million eggs were produced and released 
by rearing the moth on Opuntia. Mass destruction of 
the cactus was evident by 1930, and the moth has 
continued to be an effective control agent ever since. 
A species of prickly pear cactus, Opuntia stricta, is 
controlled by a moth, Cactoblastis cactorum. 
Finding complex solutions for complex 
problems. Biological control programs are not often 
so simple as the two just described and may involve 
a number of control procedures and a multitude of 
interactions among the various organisms in the 
environment. A good example of a complex program 
is the management of alfalfa insects in the north- 
central states. Because alfalfa is the world’s most 
valuable forage crop (it provides food for animals), 
considerable effort goes into its production. Alfalfa is 
a perennial that is planted in the spring, late summer, 
or fall and continues to produce for three or four 
years after it has become established. Each year the 
crop may be cut and harvested from 6 to 10 times in 
the South and sometimes only twice in the North. 
Alfalfa is cut when about 10% of the crop is bloom- 
ing. It is susceptible to insect damage at all stages but 
more so when its seedlings are emerging or during 
regrowth after it has been cut. More than 100 species 
of insects are known to attack and injure alfalfa, but 
two culprits, the potato leafhopper (a native pest that 
sucks the sap) and the alfalfa weevil (an introduced 
pest that feeds on the foliage), are the most serious. 
Historically, growers have relied on insecti- 
cides to control alfalfa weevils. Insecticides are 
usually applied before the first crop is harvested or 
during the period of regrowth after the first cutting. 
Fall applications, if they are properly timed, prevent 
larval infestations the following spring because they 
kill adult weevils as they reenter the fields after 
spending the hot months resting (called aestivation). 
Carefully timed cuttings may serve the same purpose 
as an insecticide spray, but growers nevertheless are 
urged to keep a close eye on new regrowth. Because 
the weevil is an introduced pest, attempts at biologi- 
cal control have been of the classical type. Thirteen 
species of natural enemies have been released against 
the alfalfa weevil, and seven have become estab- 
lished. The most successful are two small parasitic 
wasps and a fungus. Conservation of these natural 
enemies must be given a high priority in managing 
alfalfa pests. In addition, careful timing of insecticide 
applications to cause minimum harm to the parasitic 
wasps and to the fungal disease are important 
considerations. 
The control of potato leafhoppers on alfalfa 
relies chiefly on insecticides and properly timed 
cuttings (a cultural tactic) because very few natural 
enemies have been found to have a major impact on 
leafhopper populations. Because growers must also 
consider the control of the alfalfa weevil when they 
are treating for potato leafhoppers, alfalfa manage- 
ment is a very complex undertaking and can often 
prove frustrating. Its ultimate goal, however, is to 
protect the crop without disrupting the ecosystem. 
Identifying likely candidates. Although each 
attempt at biological control is a unique endeavor, 
scientists have identified several general characteris- 
tics that help to identify pest problems that might be 
at least partially solved through biological control: 
1. Pests that are having a drastic effect on a 
particular crop or ecosystem are likely 
candidates for biological control because 
incentives and possible rewards are very 
high. 
2. Pests that are extremely abundant in the 
habitat may prove responsive to biological 
control because introduced natural enemies 
will have an abundant food supply and will 
more likely become established. 
3. Pests that are not highly mobile and have no 
special defenses against a natural enemy 
may prove most responsive to biological 
control. 
4. Pests that are conspicuous in the environ- 
ment and easily located by natural enemies 
are good candidates for attempts at biologi- 
cal control. 
5. Natural enemies imported to control pests 
that occur in relatively mild climates 
(climates without dramatic extremes) are 
more likely to become established. This 
consideration becomes less important if the 
imported natural enemies come from a 
climate similar in harshness to the one in 
which the pest is found. 
These general characteristics of likely candi- 
dates for biological control were deduced after a 
number of success stories and the elements they had 
in common were examined. Although the presence of 
one or more of these characteristics in a pest popula- 
tion may increase the chances for biological control to 
succeed, this list is far from complete and cannot be 
used as a guarantor of success. 
Conclusion 
We trust that this material has provided the basic 
information you need to introduce students to this 
important area of environmental manipulation. We 
have attempted to clarify the substantial benefits as 
well as the potential risks of biological control. 
Significant advantages over traditional control are 
possible, and there is the potential for enormous 
benefits to humanity. Unfortunately, even if all the 
political, social, and monetary barriers to biological 
control were removed, scientists nevertheless would 
still be faced with an immense challenge—the lack of 
basic biological knowledge about pests and their 
natural enemies. We hope that the information 
presented here will pique the interest of young 
people so that some will consider a career in this 
wide open and potentially rewarding field of science. 
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Glossary 
alternate host an additional organism (host) that is necessary for another organism to 
complete its life cycle 
annual a plant that persists for only one year 
biennial a plant that persists for two years 
biological control using natural enemies (parasites, predators, pathogens) to help 
control or manage a pest species 
community a well-defined grouping of plants and animals, clearly distinguishable 
from other such groups 
density-dependent a factor (such as a natural enemy) that affects a population of 
organisms based on how many of the affected organisms are present 
density-independent a factor (such as weather) that affects of population of organisms 
without regard for how many of the affected organisms are present 
epizootic an epidemic disease among animals 
exotic species a species of plant or animal that is foreign to a particular region 
exponential growth maximum population growth 
generalist an organism that does not specialize on a particular type of plant or animal 
when choosing it for food, for egg-laying, or for parasitizing 
habitat the place where a plant or animal lives 
host any organism in which another spends part or all of its life, or from which it gets 
nourishment or protection 
infectivity a measure of the strength of a pathogen 
inoculative release releasing a relatively small number of natural enemies with the 
hope that they will grow and reproduce in sufficient numbers to act as biological 
control agents 
inundative release releasing large numbers of natural enemies so that they will have 
an immediate affect on a pest population 
introduced species anew species that is not native to an area is intentionally or 
accidentally released 
natural control agents organisms that prey upon or otherwise use other organisms for 
food, which helps keep the population size of the fed-upon organism in check 
non-native an organism that normally does not occur in a particular area, foreign 
organism 
wy outbreak the rapid increase of a population of organisms; usually refers to “outbreaks 
of pests 
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parasites/parasitoids/parasitize/parasitic An organism that for all or part of its 
life derives its food from a living organism of another species (the host); the process 
of being a parasite 
pathogen a disease-causing organism 
perennial a plant that persists for several years 
pest a plant or animal that is detrimental to humans 
predator/predation/predatory an organism that catches and eats another organism; the 
act of eating another organism 
prey organisms that are caught and eaten by predators; to catch and eat other organisms 
range the region where a particular species of organism normally lives 
simulation the imitation of the functioning of one system or process by means of the 
functioning of another system or process 
specialist an organism with a very narrow range of food preferences or habitat 
virulence the ability to cause disease 
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When Is a Pest Not a Pest? 
Objective 
To understand that the term pest is a relative one largely 
determined by human needs or desires; to recognize that 
the same organism may be a pest in one setting and not 
in another 
Suggested Grade Level 
Adaptable for grades 5 through 10 
Vocabulary 
exotic species (introduced species), pest, range 
Materials 
Paste or glue and multiple copies of When Is a Pest Not a Pest? (page 26). Cover the 
two columns to the right (Pest and Acceptable) when you photocopy the activity sheet 
(retain the headings Pest and Acceptable). For students with more sophisticated 
backgrounds in biology, use that sheet. For younger or less experienced students, 
make a second photocopy that includes all three columns. Cut off and throw away 
the first column (organism) and cut out the phrases in the second and third columns, 
making a set of response cards for each student. These students will receive a sheet 
with the information listed in the column labeled Organism and a set of response 
cards made from the two columns to the right. This activity may also be completed at 
the chalkboard without photocopying (see step 4 on the next page). 
Comments 
Each plant and animal originally existed in what biologists call its range, the region 
in which it naturally lives or occurs. Ranges expand or contract based on weather 
conditions, availability of food, and natural disasters, such as volcanic eruptions, 
floods, and droughts. Over the course of history, however, the ranges of many 
organisms have greatly expanded or contracted, usually through human actions. 
Sometimes these changes are viewed positively; corn and soybeans, for example, are 
important crops that are now grown in Asia, Europe, and North and South America. 
In others instances, however, range expansions have caused and continue to cause 
serious problems for us as well as for other species. In some cases, when plants and 
animals are found in regions where they were originally not present, they have 
become what we call pests—zebra mussels, the European starling, purple loosestrife, 
rabbits. 
Procedure 
1. Introduce the activity with a discussion of the relative nature of the term pest. It all 
depends on where an organism is and its relationship to the other organisms in its 
habitat—including us! 
2. Distribute copies of When Is a Pest Not a Pest? Older and more knowledgeable 
students, working individually or in pairs, fill in the columns headed Pest and 
Acceptable. For example, some folks find clover unacceptable in their lawns and 
consider it a pest plant; farmers, however, may plant clover as a cover crop to be 
plowed under and fruit growers may use it as cover crop in their orchards, to attract 
bees for pollination, and to produce a secondary crop of honey. 
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Give younger students the organism sheet and a set of the cards that you have 
made from the last two columns on the activity sheet. Ask them to paste in the cards 
they think correspond to the Pest or Acceptable categories for each organism. Because 
there are duplicate answers and some answers that may fit more than one organism, 
they should not do the final pasting until they have made all of their choices. 
3. When students have completed the task, discuss their responses. Encourage 
alternative responses from students who have supplied their own answers, and some 
can and should be rather subtle. For example, if a farmer or a forest manager is 
trying to grow a stand of oak-hickory, he or she may well find maples out of place—a 
“takeover” species and a pest. 
4. If you prefer, this activity may be completed as a group. List the organisms on the 
chalkboard and make two columns, one headed Pest and the other Acceptable. 
Encourage as many responses for each column as possible. 
5. The activity may also be used as a game for two or three students. Mount the sheet 
showing only the first column on a sheet of cardboard to make a game board. The 
cards made from the second and third columns may also be mounted on cardboard 
before they are cut apart. Students place the cards face down and take turns drawing 
a card and placing it appropriately on the game board. If there is disagreement about 
the placement of a card, you may be called upon to referee. 
as, 
Student Handout 
When Is a Pest Not a Pest? 
Can you think of an instance when each plant or animal listed below might be considered a pest and when it would be 
considered acceptable or even a welcome inhabitant of a given environment? If you have time, try to add other organisms 




garden or flower bed 
Acceptable 
forest 
clover lawn cover crop to be plowed 
under, cover crop in 
orchards to keep out weeds 
and to attract bees 
raccoon garbage can, chimney, forest, wetland 
attic 
algae overgrowth in ponds food for fish 
and lakes 
deer cornfields, suburbs forest 
rabbits garden old field 
dandelions yards, gardens culinary delight 
harvested in thewild 
kudzu roadsides and woods native to Japan, grown for 
pond weeds 
in the South, where 
it strangles trees and 
shrubs 
weed-choked artificial 
ponds in suburbs 
fodder and forage 
food for muskrats, moose 
termites houses, books decomposers in forests 
maggots spoil our meat decomposers of dead 
animals 
fleas bite us and our pets in wild animal nests 
fruit flies damage ripening fruit used by scientists in 
genetic studies 
bees sting us pollinators, honey 
producers 
mosquitoes bite us, transmit food for bats and fish 
house flies 
serious diseases to 
humans and animals 
carry disease, annoy us 
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food for birds, decompose 
animal waste 
Natural Enemies: Experience the Power 
Objective 
To help students recognize the diversity and importance of 
natural enemies in managing pest populations and to show 
how that power can be harnessed for biological control 
Suggested Grade Level 
Adaptable for grades 5 through 10 
Vocabulary 
No new vocabulary 
Materials 
A copy of the Natural Enemies: Experience the Power poster for each student. This 
publication includes a sample copy of the poster and a classroom set of 30. Additional 
sets of 30 posters can be obtained for $3.50 from the Illinois Natural History Survey, 607 E. 
Peabody Drive, Champaign, IL, 61820, or by calling 217 333-6833. 
A copy of Poster Description Key and Poster Picture Key for each group of 
five or six students. Cut one Poster Description Key apart so that each description is 
on a small slip of paper. Make duplicates of some descriptions if your class has more 
than 20 students. Put these slips in a box or sack. 
Colored pencils, water colors, felt-tipped pens; file cards 
Comments 
The enclosed poster summarizes how insects develop and the basic concepts of 
biological control covered in these materials. It also provides students with an 
overview of the various types of natural enemies that can be used or manipulated to 
help control pests, and gives specific examples of successful biological control 
programs from the past. This exercise could be used as an initial exercise (after you 
have discussed what biological control is) and as a final evaluative-type activity after 
you have completed your work with biological control. 
Procedure 
1. Divide the class into groups of five or six students. Give each group a poster. Do 
not distribute coloring materials at this time. Ask each group to write on a piece of 
paper what they think the individual boxes on the poster represent. If this is an initial 
exercise you may need to provide hints (if you so choose), depending on how much 
of the introductory material the students were exposed to; or you may choose to have 
students “guess” what's going on. 
2. Distribute a Poster Description Key to each group and ask students to use it to 
help identify what each box on the poster represents. Allow time for students to 
match up the descriptions with what they think are appropriate pictures and to 
compare these descriptions with their initial list. 
3. When students have completed this part, distribute a Poster Picture Key to each 




A. Disband groups and ask each student to select one of the slips of paper from the 
box or sack. The item drawn identifies that student’s research subject. They should 
take the brief description and write a one-page essay, including several interesting 
facts about his or her topic, and color that portion of the poster in appropriate colors. 
Findings may be presented orally in class. This should be handled as a homework/ 
library research activity. The complete product is the essay and a poster with that 
student’s box colored in appropriate colors. 
Does a mantis 
pray for prey? 
B. One option is to have students cut out that part of the poster that pertains to their 
research topic and reassemble the colored pieces into a class poster. Have students 
summarize their research findings on a file card and link each card to the appropriate 
colored box with yarn or string. Another option is to have each student’s poster (with 
only a single box colored) in a classroom or hall display with the one-page essay 
attached to it. You may also choose to take each essay, attach the colored drawing, 
and produce a biological control scrapbook. 
C. A final activity is to collect the research summary cards (developed from one-page 
essays) and distribute them randomly to the class. Ask each student in turn to read 
several of the salient facts from the research card he or she was given. That student 
then calls on a classmate to identify the concept or biocontrol activity being de- 
scribed. If the answer is incorrect, the student asks for help from volunteers. If no one 
makes a correct identification, the research reader provides more clues from the card 
until the concept is identified or characterized. 
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Poster Description Key Student Handout 
1. A farmer or other person involved in biological control making an inocula- 
tive release of natural enemies 
2. Purple loosestrife, a noxious weed of wetlands, and a leaf beetle released as 
a biological control agent 
3. A consumer with a prejudice against slightly damaged produce 
4. Examples of the three types of biological control agents: predators, para- 
sites, and pathogens 
5. Amoth from Argentina released in Australia to control prickly pear cactus 
6. An insect’s life cycle showing complete metamorphosis 
7. Predatory beetles preying on (eating) leaf-feeding caterpillars 
8. Vedalia beetles eating cottony cushion scales on citrus trees in California 
9. Anatural control agent, a web-building spider 
10. A caterpillar dead or dying from a disease (pathogen) 
11. Tomato hornworm larvae on tomato with parasitic wasp cocoons attached 
to them 
12. The life cycle of a parasitic wasp in its host caterpillar 
13. An orchard with nectar-producing plants that serve as food sources for 
parasitic wasps 
14. A grower or other person interested in biological control making an 
inundative release of lady beetles 
15. Lady beetles feeding on aphids 
16. A stink bug piercing and eating its prey 
17. A bug predator eating an insect egg 
18. A praying mantis with its latest meal 
19. Parasitic wasps getting ready to attack soybean pod-feeding caterpillars 
20. A typical insect with incomplete metamorphosis 
De, 


















Natural Enemies Card Game \ 
Objective 
To review the relationships between organisms in a 
food web and to introduce biological control 
Suggested Grade Level j 
Adaptable for grades 5 through 10 f 
Vocabulary | 
biological control, community, generalist, parasite, 
pathogen, predator, specialist 
Materials 
Lightweight cardboard or poster board cut to 4.25 x 11 
inches, crayons or felt-tipped markers 
Comments 
Natural enemies fall into three basic categories: predators, parasites (parasitoids), or 
pathogens (diseases). Predators are usually more general in their food habits and will 
feed on a wide variety of prey, so they are called generalists. Parasites, on the other 
hand, are considered specialists because they are likely to attack members of a certain 
group (for example, moth caterpillars), a closely related group, or even a single 
species (gypsy moth caterpillar parasite). Pathogens may be generalists and attack a 
large variety of host organisms, or they are considered specialists when they have a 
very narrow host range (attack only one or a small group of insects or other organ- 
isms). 
Procedure 
1. Distribute several blank cards to members of the class along with markers or 
crayons. Have one student go to the chalkboard and write the card pairs given on the 
next page with the descriptions of whether they are generalists or specialists. You or 
the class may make additions to the list. While the student is completing the list, 
review with the class the concept of a food chain/food web. 
2. Assign pairs of organisms from the list on the board to each student, who then 
prints the word pair and description on each half of the card to create domino-like 
cards as shown below. Ask students to print as large and as legibly as possible so that 




3. Have a student tack one card on a bulletin board or tape it to a space on the wall, 
or use the floor. This exercise is then conducted by student volunteers adding one 
card at a time so that the organism on one half of a card feeds upon or is fed upon by 
the organism on the card half it is touching. Students may need to look up the type of 
food a particular organism might eat. Make sure students take into consideration the 
limitations or restrictions on each card. As each student adds a card, he or she must 
explain why that play is justified. Encourage students to use terms like predator, 
parasite, pathogen (disease), host, herbivore, carnivore, and natural enemy. 
4. As students add cards, the community of organisms illustrated by the game 
becomes more complex. Continue play until each student has added at least one card 
or until as many cards as possible have been played. 
5. After the exercise is completed but before the cards are disturbed, select an organ- 
ism that is in play and ask the class to assume that it has become a pest. Which 
organisms in play are potential natural enemies of this pest? Suggest to students that 
even though the natural enemies may not be touching the pest in the game, they 
could be manipulated by humans for possible use as a biological control agent. 
6. Discuss how the numbers of a given predator, parasite, or disease organism affect 
the numbers of the organism consumed. This relationship is the basis for the biologi- 
cal control of pests. As a class, develop a working definition of biological control, 
emphasizing that it involves the use of natural enemies by humans to help control or 
manage pests. Through biological control we increase the numbers and kinds of a 
pest’s natural enemies so that the pest’s numbers decrease. 




citrus tree /oak tree 
tomato/potato 
coyote (generalist) /elm tree 
apple tree/conifer aphid 
crayfish (generalist) /largemouth bass (generalist) 
algae/red fox (generalist) 
mosquito (generalist) / grasshopper (generalist) 
tomato hornworm (specialist) /honeybee 
cow / wildflower 
dragonfly (generalist) /caterpillar hunter beetle 
lady beetle/grass 
wheat/roses 
rose chafer beetle/hickory tree 
milkweed/ants (generalist) 
monarch caterpillar (specialist on milkweed)/ parasitic 
wasp (specialist on tiny insects) 
raccoon (generalist) /walleye 
carrot/white grub 
underground root borer/mushroom 
deer/parasitic fly (generalists on caterpillars) 
wolf/opossum 
bat/grackle 
soybean mosaic virus (specialist) / field mouse 
frog/prickly pear moth 
citrus wild virus/cow tick 
corn borer/cotton 
stalk borer parasite (specialist) / praying mantis (generalist) 
prickly pear cactus/hummingbird 
bird louse/soybean pod borer (specialist) 
Colorado potato beetle/ grasshopper fungus (specialist) 
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Coming to Terms 
Objective 
To master the meaning and spelling of terms associated with biological control 
Suggested Grade Level 
Adaptable for grades 5 through 10. Some of the activities described in the following 
text are obviously more appropriate for younger students; others might be quite 
acceptable for 10th graders. It is probably a good strategy to use a variety of vocabu- 
lary reinforcement activities and to use them frequently for relatively brief periods of 
time. 
Vocabulary 
Any or all of the terms listed in the glossary that accompanies this booklet and 
additional words that you have appended 
Materials 
File cards (4" x 6" or larger), alphabetical tabs, file boxes, multiple copies of Scram- 
bling for Biological Control (page 36) 
Comments 
The number of new terms that students should become familiar with is large but 
unavoidable. We have provided a basic but limited dictionary; however, you may 
need to pay special attention to vocabulary if students are to use these words with 
accuracy and understanding. For that reason, we have provided activities that 
encourage students to use the biological control vocabulary in a variety of situations. 
With these opportunities for reinforcement, we hope this specialized vocabulary will 
not be intimidating. 
Procedure 
Game 1. On the first day of your introduction to biological control, begin a class 
dictionary of terms. One method that is suited to the following activities is to use a 
file box with alphabetical tabs. Write each new term on one side of a file card and its 
definition, examples, or other explanatory material on the other side. You may also 
want students to keep individual dictionaries in their notebooks. Whatever method 
you settle on, encourage students to help in evolving definitions. Go back to the cards 
when the same term comes up in a new context and don’t hesitate to expand an 
earlier definition with examples or to add related concepts and information. A basic 
dictionary should include the words listed under the heading Vocabulary in each 
activity and those in the glossary we have added to this booklet (pages 20-21), but 
you will want to add to this minimum list according to the background of your 
students and the complexity of the explanations you feel are appropriate. 
Game 2. When the dictionary box contains 20 or more word cards, use them in 
definition and spelling games with small groups. Appoint a class “scribe” to maintain 
a duplicate or triplicate file so that more cards are available for play. Divide students 
into small groups of 4 or 5. Give each group at least 5 cards, but they could be given 
as many as 10. The group elects one of its members to serve as judge and scorekeeper. 
The class as a whole should decide on a system for scoring; for example, 5 points for 
a correct definition (fewer for not quite complete definitions but “on the right track,” 
and still fewer for second guessers who wish to expand or correct the first definition 
offered); 3 points for a correct spelling (2 for second guessers who provide the 
spelling after the first student has missed the word). 
ae: 
For the first round of play, the judge for each group reads the word printed on 
a card and calls on a student to provide the definition, moving from right to left 
around the group. The judge determines the adequacy of the definition and whether 
or not points can be earned by other students through expansion or correction. At 
times, you may be called upon to referee decisions. The judge also records points 
earned by individual students. For the second round of play, the judge reads the 
word and calls on students in turn for the correct spelling. Points are again recorded 
and corrections accepted. In the third round, the judge reads the definition and asks 
students in turn for the word being defined. Again points are recorded and a final 
tally made. If time permits, groups exchange cards and begin again, this time with a 
new judge and scorekeeper. Repeat the game from time to time as the collection of 
cards grows. 
If you find that appointing a judge creates dissension, let the group serve as 
judge. Place the cards word-side up in a stack for round one. Each student in turn 
draws the card on top and attempts a definition. The group decides whether the 
definition is acceptable and whether additions were warranted. Each student keeps 
his or her own score. Shuffle the cards and place them definition-side up for the 
second round of play. Borrow a student from another group for the spelling round. 
That student reads each of the words as each member of the group attempts to write 
the word correctly. Each student checks his or her own paper as the borrowed 
student provides the correct spelling and points earned are recorded. 
Game 3. Word scrambles like the two groups given in Scrambling for Biological 
Control (Easy and Challenging, page 36) are another way to encourage students to 
think about the new terms, their meaning, and their spelling. They can be solved by 
individuals, pairs, or small groups of students. Students can also work alone or in 
small groups to create word scrambles or simple crossword puzzles for each other to 
solve. 
Key to word scrambles: Easy—prey, host, pest, range, habitat, release, weed, exotic, species, 
control. Challenging—epizootic, virulence, infectivity, parasitoids, outbreak, non-native, 
predator, pathogen, biological control, disease. 
Game 4. Play a version of the commercial game Pictionary, in which one player 
draws a picture of the word to be defined in an attempt to help his or her teammates 
guess the word in question. A stopwatch is useful, but you can manage with a clock 
or watch with a second hand. You may want to appoint a rotating timekeeper and 
scorekeeper. Set a time limit, perhaps two or three minutes. Choose words from the 
card file that you think lend themselves to pictorial presentation, but you will be 
amazed at the ingenuity of students in finding ways to describe a word through 
drawing. 
Divide the group into opposing teams (more than one set of opposing teams if 
the group is large). Separate the teams so that members cannot see the work of the 
opposition. Show the first member of each team a word card, but do not let the other 
members of the team see the card. That student begins to draw whatever he or she 
thinks will help teammates guess the word on the card. The first team to guess the 
word earns the point. The student continues drawing, starting over if necessary, until 
the group guesses the word or until the timekeeper calls time. 
Nontarget species was guessed almost immediately when a student drew a 
target and then crossed it out; trophic took a little longer when the drawing showed a 
trophy. You might try incorporating some of the devices of charades; for example, a 
student announces “rhymes with” and then draws a picture of a nest (answer: pest) 
or calls out “first syllable” and draws a path (answer: pathogen). Diversity was 
portrayed by a series of abstract symbols, each one different from the others, and 
density was shown by an ever-increasing number of dots placed close together and 
repeated until someone guessed the answer. 
Game 5. Opposing teams can also play the old parlor game called Clue in one of its 
variant forms. Each team gets a pack of word cards. Each member in turn draws a 
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card and tries to help his or her teammates guess the word by giving clues. The 
student cannot spell the word but can offer a clue, such as “I’m thinking of a word 
that begins with the letter p.” Students are not allowed merely to read the definition 
on the back of the card, but they can use that definition to help them devise clues. For 
example, “I need a host to survive” (parasite or parasitoid). 
Game 6. This word game can be played in groups or by the class as a whole. Write 
one of the words from the word file on the chalkboard (pest, for example) and ask a 
student to begin a story with a sentence that uses that word in a biological fashion. 
For example, “My uncle was bothered by an insect pest in his cornfields.” Put 
another word on the chalkboard (parasitoid, for example) and ask for a volunteer to 
continue the story: “He didn’t know if there was a parasitoid that would live on this 
pest insect and kill it.” Add a third word, perhaps species, and so on. The story can 
and will wander, and additions may be the product of desperate minds. The only 
requirement is that each add-on sentence use the new word in a reasonable way and 
that each additional sentence advance the story. 
Game 7. Students who finish an assignment early or who are having particular 
difficulty with the biological control vocabulary can be given two sets of cards. They 
can work alone, in pairs, or in small groups. They begin by laying out one set of cards 
word-side up. They then go through the definition cards (no peeking on the other 
side) and match definitions with the words. The matching game can also be played in 
reverse, laying out the definitions and then matching each word card to its definition. 
When all the cards have been paired, the answers should be checked by turning over 
one card from each matched pair. 
Game 8. Divide students into groups of 4 or 5. Give each group at least 20 cards and 
ask them to make a list of the words they received. Place this list in the center of the 
group where each student can refer to it. Shuffle the cards and divide them among 
the group. Students should not show each other the cards they receive, not the 
definition side of the card or the word side. 
The game begins when one student asks another student in the group, “Do you 
have the predator (or any other card on the list) card?” The student responds yes or 
no. If yes, the questioner must spell the word and give a definition of it. If the spell- 
ing is correct and the definition acceptable, the questioner checks off the word 
predator from the group’s list, receives the card, and places it word-side up on his or 
her desk. The next student in turn asks another player for any word (except predator) 
from the list, and the game continues. When the answer is no, the questioner loses his 
or her turn. The next player may ask another player for the predator card or for any 
other word on the list. The winner is the student with the most cards at the end of the 
game. 
Game 9. List 10 or more of the biological control words on the chalkboard and ask 
each student (or pair of students) to write a sensible paragraph that uses all of the 
words you have chosen. Students who finish early can try writing a single sentence 
that uses all of the words you have listed or as many as possible. Share the results. 
Students might like to vote for their favorites: best science, cleverest paragraph, 
funniest paragraph, and other award-winning categories that they devise. 
Game 10. Try a brisk variation of the traditional spelldown. Begin with all students 
seated. With a pack of cards in hand, call out a word and ask a student to define or 
spell it. Conversely, read out a definition and ask a student what word has been de- 
fined. Vary the order in which you make these three requests and keep a lively pace. 
When a student responds correctly, he or she stands up. If a standing student an- 
swers incorrectly, he or she sits down. Try to end the game with everyone standing 
up. 
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Student Handout Scrambling for Biological Control 
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The ladybug—a hungry predator 
The ladybird beetle, more commonly known as the ladybug, is an 
excellent biological control agent against garden pests. 
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Objective 
To demonstrate an understanding of the concept of biological control and the role 
played by three natural control agents—and to have fun doing it! 
Suggested Grade Level 
Adaptable for grades 5 through 10. Younger students may need help generating copy 
for the flashcards, but they often prove more willing to cheer and are less self- 
conscious than older students. 
Vocabulary 
biological control, epizootic, host, infectivity, natural control agents, parasites (parasi- 
toids, parasitize, parasitic), pathogens, predators (predation, predatory), prey, 
virulence 
(Depending upon the science background of your students, you may want to 
reduce the number of terms introduced.) 
Materials 
Lightweight cardboard or poster board cut to approximately 8 x 11 inches, crayons or 
felt-tipped markers 
Comments 
Three natural control agents are discussed in the introduction (pages 1-19): predators, 
parasites, and pathogens. Before introducing this activity, students should be familiar 
with these terms and have a basic understanding of how each acts to control pest 
populations. The activity is based on the coincidence that each agent begins with the 
letter p and each has nine letters. 
Procedure 
1. Divide the class into groups of nine and choose one student not assigned to a 
group to be the leader. Choose a somewhat extroverted leader who is not afraid to act 
out in front of the class. If you have a larger group, choose three leaders, one for each 
group of nine. If your class is too small for three groups of nine, students can manage 
two flashcards instead of one. 
2. Assign the name of one of the three control agents to each group. Distribute nine 
sheets of cardboard and crayons or felt-tipped markers to each group. Students print 
the name of their assigned control agent in large type, one letter to each sheet of 
cardboard. If there is time, encourage students to decorate their letters with borders, 
flourishes, or perhaps drawings of an insect or two. 
3. On the back of each sheet of cardboard, students write a word or phrase beginning 
with the letter printed on the front. That word or phrase, however, must tell us 
something about the assigned control agent. For example, let’s take the PREDATOR 
group. On the back of the card displaying the letter P, a student might print “prey is 
eaten by predators” or “predators prey.” On the reverse side of the R, a student might 
print “regulate population.” The E card might generate the phrase “eat or be eaten.” 
“Destroys pests” or “density-dependent regulators” might fit the D card; “actively 
destroy” or “act to control pests” for A; “target species” for T; “operate safely (or 
economically)” for O; “reduce crop damage” for R; and “save the environment" for S. 
4. If a group has trouble getting started, offer a suggestion or two and cheerfully 
accept phrases generated in desperation; for example, “a natural control” for the A 
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card or “the farmer’s friend” for T. Encourage a bit of humor or whimsy but keep the 
focus on factual information. 
5. When the cards are complete, the leader (or leaders) takes over. Their role is that of 
a cheerleader. Each student in a group (the predators, for example) takes one card 
(two cards if the group is smaller than nine) and goes to the front of the room. 
Members of the group then arrange themselves so that their cards will spell out 
“PREDATORS” when they are flashed. Up to this time, the cards should not be 
displayed. 
6. The leader calls out with much enthusiasm, “Let’s hear it for PREDATORS, they 
can be a natural biological control. Give me a P. The first student in line responds by 
displaying the letter P and shouting back “predators prey” or whatever word or 
phrase is printed on the back of the card. The cheerleader then calls out, “Give me an 
R," and the student holding that card gives his or her response. The cheerleader 
continues in this way until the word has been completed. The predators then put 
down their cards but remain standing. Follow the same procedure for the remaining 
two groups. 
7. The cheerleader concludes by calling out, “Put them all together: PREDATORS 
(that group flashes its cards in unison and keeps them displayed), PARASITES (same 
response from the second group), PATHOGENS (same response from the third 
group), and what have you got—BIOLOGICAL CONTROL” If you have an imagina- 
tive cheerleader, he or she can teach the three groups the following spelling chant as a 
finale: “B-I-O, L-O-G, I-C-A, L (After the rhythmic three sets of three letters each, end 
with an emphatic L). C-O-N, T-R-O, L (same chant pattern).” 
8. Take the show on the road after a dress rehearsal in your classroom. Other teachers 
may be willing to schedule the performance, especially if you or a student 
introduces it with a few remarks about the nature and importance of 
natural control agents. 
Gimme a P! 
38 
Objective 
To make information about biological control more dramatic and concrete by solving 
specific problems that require basic math skills 
Suggested Grade Level 
Adaptable for grades 8 through 10 
Vocabulary 
No new vocabulary 
Materials 
Multiple copies of Biomath Problems 
Comments 
Concepts in the introduction can be used to generate problems whose solutions 
require basic math skills. When students use what they have learned about biological 
control in another setting (in this case, math), they are more likely to perceive and 
remember its importance. The student work sheet offers eight problems to get you 
started, but you will be able to formulate others to match the math level of your 
students. 
Procedure 
1. Distribute a copy of Biomath Problems to each student. You may want each 
student to solve the problems, but teamwork is also a useful approach and may help 
students that are weak in math to improve their understanding of basic skills. 
2. When students have completed the problems, either in class or as a homework 
assignment, share the answers together. Take time to discuss how correct answers 
were obtained and why some students went astray. 
3. Take time to extend the discussion when you share the answers to the problems. 
Problem 2, for example, can generate a question like, Why does an exotic plant 
become so dominant when it was no problem “at home”? Problem 4 can lead to a 
discussion of what happens to insects and plants in a monoculture. After solving 
problem 8, we might well ask why we aren’t knee-deep in houseflies. 




Deolova. tO 2076 
6. 502,400; 12,560,000 
7. 3,489 bats 
8. 400,000; 179,200,000 (hint: 28 grams=1 ounce) 
Du 
Student Handout Biomath Problems 
Mathematics sometimes clarifies the facts of science for us. Solve the problems below and take a 
new look at some biological facts. Show how you reached each answer in the workspace pro- 
vided. Happy computing! 
Show how you solved 
each problem here. 
1. One million insects are known to science. Of those, 3,500 are 
considered harmful to humans in some way. What percent of the 
known insects is considered harmful? What fraction is consid- 
ered harmful? About 600 species of insects are considered pests 
in the United States. What percent of the world’s insect pests do 
we have? 
2. Purple loosestrife, an exotic (non-native) plant of European 
origin, is invading and degrading wetlands throughout the 
temperate regions of North America. A single mature plant can 
produce more than 2.5 million seeds a year. Assume that we 
have 50 plants in a small wetland patch and that 8% of the seeds 
germinate. How many purple loosestrife will be crowding into 
our tiny wetland next year? 
3. Twenty-five million of the 35 million acres of Illinois are in 
either corn or soybeans. What percent of the state is given over 
to this monoculture? 
4. Scientists estimate that over 1 million species 
of insects exist. In contrast, only 5,000 species of 
mammals are found on our planet. How many species of 
insects exist for every species of mammal? 
5. Scientists estimate that although about 1 million insects 
have been identified, from 5 to 30 million species may actually 
exist! What is the range of percentages of all insects that have 
been identified? 
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6. A pond or lagoon with vegetation growing around its 
edge can be a very good place for mosquitoes to breed. 
If a pond is 20 meters in diameter and each meter around 
the circumference can produce 8,000 mosquitoes during one 
generation (the offspring of a single group of females), 
how many mosquitoes will be produced during each generation? 
In 25 generations (the average number of generations during a 
single growing season)? 
7. Insect-eating bats are some of the most efficient predators of 
night-flying insects. A single bat can consume 600 mosquitoes 
per hour during its nightly six-hour flight. In one night how 
many bats would it take to eat all the mosquitoes produced 
during the growing season in problem 6? 
8. One pair of houseflies could produce an estimated 400 million 
tons of flies over a summer if all their offspring survived. Sup- 
pose that only 1/10 of 1% survive. How many tons of flies is 
that? If a single fly weighs 2 grams, how many flies would be 
around to bother us during the summer? What do you suppose 




To distinguish between density-dependent and density-independent factors and to 
understand how density-dependent factors are related to the control of pests by their 
natural enemies 
Suggested Grade Level 
Adaptable for grades 5 through 10. Success with high school students may depend on 
the rapport between teacher and class. 
Vocabulary 
density-dependent, density-independent, exponential growth, predator, prey 
Materials 
A chalkboard or an overhead projector (A large sheet of paper can be used if neces- 
sary.) 
Comments 
Before introducing this activity, familiarize students with two concepts: density- 
dependent factors and density-independent factors. Density-dependent factors 
suggest that pests can be controlled by their natural enemies. As prey numbers 
change, predator numbers respond. Natural enemies reduce the number of their prey, 
but prey populations in turn determine the growth rate of predator populations. 
Density-independent factors refer to characteristics of the environment (drought, 
flood, temperature) that act on organisms regardless of population size. 
Procedure 
1. Diagram on the chalkboard the simple premise on which this activity is based: 
Prey populations up, populations of natural enemies up; in response, prey popula- 
tions decline, populations of natural enemies decline. Then show what is likely to 
happen when populations of natural enemies are absent: prey populations go up and 
up and up. This is called exponential growth. 
2. Discuss a number of examples of this principle in action: loosestrife on the loose, 
gypsy moth infestations, proliferation of rabbits in Australia, the explosion of zebra 
mussels in the Great Lakes and the Illinois and Mississippi rivers, European starlings 
as a nuisance bird, head lice epidemic in a grade school. 
3. Pair students or assign them to small groups of three or four. Each group is to 
devise a dramatic way of showing the density-dependent principle in action. Some 
might elect to create a poster or use a comic strip format. Others might write and 
illustrate a story beginning with the classic line, “Once upon a time. . .” Drama is 
another possibility, with students drafted from the class at large to serve as actors. 
Some are labeled "pest population" and others carry signs saying “natural predators.” 
As the numbers of one increase, so does the population of the other until the tide 
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turns and pests decrease and consequently so do natural predators. A chorus line of 
predators and another of prey can act as a “wave,” ascending one by one from a 
crouch and descending one by one back down as a narrator tells the density-depen- 
dent story of prey and predators. A labeled duo might act out this scenario by 
standing tall as populations increase and crouching low as they decrease, with 
appropriate dialogue added. Population poetry is another alternative: 
Predators: Lots of prey, 
Lots of us. 
Eat “em up; 
That’s no fuss. 
Prey: We're getting hard to find, 
But never mind, 
Those hungry predators are falling far behind. 
It’s our chance: 
Multiply—don’t be shy! 
Predators: | We thought food was hard to find, 
But now we've changed our mind. 
Lots of them, more of us— 
Eat ‘em up, that’s no fuss. 
Both: The moral of our story isn’t hard to see, 
Prey goes up, predators feed. 
Prey goes down, predators starve. 
Density dependence, that’s the key! 
4. Density-independent factors can also be introduced. For example, in a density 
drama, an independent factor (a student “ice storm,” for example) can enter and 
affect numbers of prey and predators equally. Cardboard cutouts of prey and preda- 
tor insects can be placed on a tabletop and a whisk broom (or a hand) used to sweep 
them all away (a density-independent event). 
Population Dynamics: A Simulation Game 
Objective 
To demonstrate through simulation how a population of organisms interacts with its 
natural enemies and to demonstrate how human intervention can alter that interac- 
tion 
Suggested Grade Level 
Adaptable for grades 8 through 10 
Vocabulary 
density-dependent, density-independent, habitat, inoculative release, inundative 
release, predator, prey, simulation 
Materials 
40"x40" board or cardboard (one for each game); regular card stock paper; quantities 
of red, blue, and white poker chips; glue, pushpins, black marker; opaque or over- 
head projector; multiple copies of Population Dynamics Data Sheet (page 50) and 
Density-independent cards (page 51) 
Comments 
Simply put, all animals on earth are either predators, prey, or both. Even those 
animals that eat plants, parasitize other animals, or subsist on dead animals can 
technically be called predators. The effect that predator and prey numbers have on 
each other’s population levels has always interested ecologists and forms one of the 
basic principles upon which biological control is based. Two basic statements may 
help our understanding of predator/prey interactions: (1) predators reduce the 
numbers of their prey by feeding on them, and (2) prey population size largely 
determines the growth rate of predator populations because they provide the food 
necessary for predator growth and reproduction. The change in animal (and plant) 
populations over time is called population dynamics. 
This population dynamics game represents a way to simulate how predators 
and prey interact (the effect they have on each other’s numbers). It also allows us, the 
human managers, to manipulate this interaction in an attempt to control or manage a 
potentially damaging insect or weed pest using various techniques of biological 
control (inoculative release, inundative release). The circular game board is an 
agricultural or natural ecosystem. The prey can be designated as any pest, native or 
introduced, plant or animal, that is causing significant damage to the habitat. The 
predators (including parasitic insects and insects that eat plants) may be a single 
species or a combination of species. 
Prey (pest) population sizes vary with the success of predators at finding and 
using them for food. When predators consume large numbers of prey, the population 
of prey decreases. This reduces the predators’ food source, which affects their repro- 
ductive rate, resulting in decreases in their population. As predator numbers de- 
crease, prey can begin to increase because fewer are attacked and eaten; the cycle 
repeats itself through time. The preceding scenario is called a density-dependent 
response—the overall effect on a population changes based on the respective popula- 
tion sizes of prey and predators. Superimposed on all real-world systems are what 
ecologists call density-independent factors, those events that act on a population of 
organisms regardless of their numbers. Density-independent factors include such 
events as drought, flood, human disturbances (mowing), and others. 
While the ecology of predator-prey interactions as described above is certainly 
quite complex, the population dynamics game will help students begin with a simple 
scenario to understand how the process works. As their understanding of the con- 
cepts grows, so can the complexity of the simulation. The ultimate goal of this 
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exercise is to help students understand the population dynamics of interacting 
organisms and how these interactions can be manipulated to produce a successful 
biological control effort. 
Game Construction 
1. Construct one or more game boards in advance or assign the building tasks to 
small groups of students. Begin by tacking or taping the 40" x 40" (it can be larger if 
desired) poster board or cardboard (foam core is also good) to a wall. Using an 
opaque or overhead projector, project the game board design on the following page 
onto the board. Make sure the projector is positioned so that you get a perfectly 
circular image. Move the projector back until the outer game board circle has an 
outside diameter of 40 inches. If you use an overhead projector, you will need to 
begin by making a transparency of the design. Trace the design of the projected game 
board. Suggestion: Have the shop classes at your school produce permanent, 
painted game boards from plywood as part of their woodworking training. 




3. Prepare male and female predators by gluing a red poker chip between two white 
chips for each female and a blue chip between two white chips for each male. 
predator chip 
white - ¢ 1b a 
red or blue chip - fie 
White - Gi 
4. Construct a bumper around the game board with thin pieces of wood or cardboard. 
5. Rather than providing a copy of the rules and having your students read them, 
explain and demonstrate the procedures and follow the game instructions described on 





1. Assign six students to each board. Explain that the game mirrors what happens in 
the real world of predator/prey interactions. The game board represents an agricul- 
tural or natural ecosystem that is occupied by prey (pest insect) and insect predators 
or parasitic insects (parasitoids). Following the positions shown in the illustration on 
page 45, place six red chips on the board to represent six female prey (students may 
choose what kind of organism these chips represent) and six blue chips to represent 
six male prey. Next, position six predators—three females (red sandwich chips) and 
three males (blue sandwich chips)—around the outside edge of the board. 
2. Prey are “attacked” by predators by flicking one of the six sandwich chips with the 
forefinger placed against the thumb. Only one predator may be flicked at a time, and 
only prey within the area delineated by the pushpins (the niche* of the predator) may 
be attacked. A predator is successful in capturing a meal when it knocks at least one 
prey chip out of the inner circle. If a prey chip is hit and moved but stays within the 
inner circle, it remains in play. If a prey chip touches the boundary of the inner circle, 
it is counted as a successful capture. Successfully captured prey are removed from 
the board and placed at the site of the capturing predator. 
3. Each round of shots represents one generation of prey and predator. This first 
round has only six shots, one by each of the six predators (student players). The 
number of shots in later rounds will vary, depending on the success rate of predators. 
The predators used in this game are called density-dependent factors. 
4. At the beginning of each round, students choose one of the density-independent 
cards (you will need to make as many copies of these cards as game boards). Paste 
each sheet on a piece of lightweight card stock and cut apart the cards. Shuffle and 
place these face down near each game board. These cards represent density-indepen- 
dent factors that act on a group of organisms (regardless of their population size); 
follow the instructions printed on each card. 
5. Each group of players has a copy of the Population Dynamics Data Sheet. Each 
group may wish to designate one member as data recorder. Record keeping is extremely 
important for the success of this exercise! At the end of each round of play (each genera- 
tion or time unit), students count all prey chips that are “alive” and record this 
information in column B. The number of living female prey (red chips) is recorded in 
column C. The number of female predators (white and red sandwiches) that was 
successful in capturing prey is recorded in column D. 
6. Both prey and predators now “reproduce” before the next round of play. Prey 
reproduction (column E) is based on the success of female predators (a density- 
*the term niche is an ecological concept that refers to the place in the ecosystem that an 
organism occupies; in simple terms, the habitat is where the organism lives and its niche is 
what it does for a living. 
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dependent response). For each surviving female prey, place two more offspring on 
the board (one blue and one red chip because the likelihood of offspring being male 
or female is 1:1). You may choose to leave the parent, or to remove her, but you must 
be consistent throughout the duration of the game. Predator reproduction (column F) 
is based on the success of female predators. For each female predator that success- 
fully captured at least one prey, add one predator offspring to the board at the same 
location as its “mother.” Alternate the sex of these offspring—blue sandwich, red 
sandwich—following the pattern shown on the bottom of the Population Dynamics 
Data Sheet. In other words, during the next round of play, in addition to the regular 
six shots, one extra shot will be taken from the location of each female predator that 
was successful in the previous round. All female predators that were successful in 
capturing prey reproduce. You will need to keep track of how many female predators 
feed during each round (and thus how many shots they will get during the next 
round, and the sex of the predators). The original six predators remain on the board 
for the duration of the simulation game. 
EXAMPLE 
Examen e t atti 
6 original shots 
Suppose tnat M@ @ @ successfully capture prey. 
So, each successful female predator 
produces 1 offspring (alternate sexes) 
2nd generation -———— MEMQM@ ~ + (M) + @ 
eae ae Deh Go-o:-@ 
6 original shots new shots 
Suppose that Mm@ ome successfully capture prey. 
So, each successful female predator 
produces 1 offspring (alternate sexes) 
3rd generation §=———__— MEBMQO@-™ -@ h (mM) 
[ane Se Se ee enrol 
6 original shots new shots 
and so on. 
ISNA G4 FMFMFMFMFMFMFMFM 
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7. The population game may be played for as many generations (rounds, Column A) 
as desired, but at least six generations are needed to obtain enough data for graphing 
and discussion. As play continues, be sure that students understand what they are 
simulating and that they complete all columns on the data sheet. In addition, make a 
note of the type of density-independent event that occurs at the beginning of each 
round. 
8. After a least six generations, students graph the results on x-y axes like those 
shown below. A solid line is used to represent prey numbers and a dashed line to 
represent predator numbers. The completed graph reflects density-dependent and 
density-independent changes in prey and predator populations over time. Students 
may want to indicate on the graph when and what type of density-independent 
factors occurred. Use arrows and text to accomplish this. 
9. After the graphs are drawn, discuss what occurred during the game. Emphasize 
two basic ecological concepts: (a) numbers of organisms change with time (for a 
variety of reasons), and (b) numbers of prey affect numbers of predators and vice 
versa. 




Population Dynamics Data Sheet 
D F H 
Number of 
female Number of 
Number of Number of predators Number of predator Number Number of 
prey alive at | female prey | that caught | prey offspring offspring of prey in predator 
end of round | alive at end prey (red in next in next next shots in next 
Generation (red and of round and white generation generation generation generation 
(round) blue chips) (red chips) | sandwiches) | (2x column C)] (1x column D)* | (columns B +E) | (6 + column F) 






Reduce prey population by 
20% 
(natural enemies are not yet active) 
INSECTICIDE SPRAYED 
Reduce prey by 50% 
Reduce natural enemies by 8 shots 
Prey disease epidemic 
Predators get 3 extra shots 
at slow-moving sick prey 
DROUGHT 
Decrease prey population by 
MEAVY RAIN 






Reduce prey population by 
OY 
Reduce natural enemy shots by 
Periect Spring 
Weather 
Increase prey population by 
Natural Enemies Fooled 
by Early Warm Days 
and Emerge Too Early 
No natural enemy reproduction this 
generation 
Advanced Game: Biological Control Simulations 
After students have mastered the details of the game and have played several rounds 
and produced satisfactory data with appropriate graphs, proceed to the next level of 
play. The following set of scenarios is designed to acquaint students with how 
introduced organisms can become pests and the various techniques entomologists 
might use in attempting biological control. Students should apply this information to 
the basic game design they learned in the preceding pages and develop their own 
simulation games. 
Scenario 1. A moth caterpillar (orange grove caterpillar) that feeds on the foliage of 
orange trees is introduced into south Florida. Originally the insect came from the 
Mediterranean area of North Africa. Unfortunately, it was introduced without any of 
its natural enemies, and because the caterpillar is very hairy, potential North Ameri- 
can predators find it very distasteful and usually leave it alone. Using the following 
information, have students set up a game simulation (the game board is an orange 
grove) that will illustrate how this insect could rapidly become a pest: 
The reproductive potential of female moths is four eggs per female for each 
generation, and the females die after laying eggs. The sex ratio is 1:1. The only insect 
predator that is known to attack the caterpillars is a large predatory beetle, but the 
beetles are fairly rare (assign only one or two shots per generation to the predators). 
Their reproductive potential is one per female per generation and the parents live for 
several years. Their sex ratio is 1:1. The owner has had no pest problems to speak of 
so the orchard is not regularly sprayed with a pesticide. What happens to the popu- 
lation of the orange grove caterpillar over ten generations? Note: make sure students 
develop a group of density-independent cards to accompany this scenario. 
Scenario 2. The owner notices that his orchard is experiencing severe defoliation by 
the orange grove caterpillar, but is reluctant to spray because he has had problems 
with pesticide residues on oranges in the past, and because the caterpillars are not 
feeding directly on the fruit, but on the leaves (called an indirect pest). Thus, he 
decides the orange grove caterpillar might be a good candidate for a biological 
control program. A team of U.S. Department of Agriculture scientists is assigned the 
task of finding potential biological controls for this insect and with designing an 
effective biological control program. Based on their current knowledge of the prin- 
ciples of biological control, students “find” appropriate predators/parasites (make 
them up in a classroom discussion) and set up a game simulation that illustrates 
“classical” biological control. Students may assign any values they wish to their 
“found predators.” Examples of how this scenario could be set up include both 
inoculative and inundative releases of a predator or parasite. In an inoculative 
release, a small number of natural enemies is released into the orange grove in the 
hope that it will become established as part of the ecosystem, reproduce rapidly, and 
help control the orange grove caterpillar for many years. In an inundative release, 
large numbers of natural enemies are released so that they may have an immediate 
effect on the pest and also reproduce and become established as a long-term control 
measure. Students may also choose to use inundative releases as “living pesticides” 
(see background information). How effective is their biological control program? 
What variables affect the population levels of both pest and predators? Students may 
want to do an economic analysis of the costs of both types of biocontrol releases. 
How much does it cost to produce the natural enemies in relation to the value of the 
crop? Note: make sure students develop a group of density-independent cards to accompany 
this scenario. 
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Choose Your Enemies Carefully! 
Objective 
To learn how scientists choose natural enemies for use in 
biological control programs 
Suggested Grade Level 
Adaptable for grades 5 through 10 
Vocabulary 
alternate host, host, inoculative release, inundative release, non-native, outbreak, 
parasite, pathogen (disease), perennial 
Materials 
Multiple copies of Rules for Selecting and Releasing Biological Control Organisms 
and Potential Natural Enemies of Purpleface Waterleaf 
Comments 
Review the concept of biological control, re-eemphasizing that such natural enemies as 
predators, parasites, and diseases are used to help control pests. Explain that pests 
have often been introduced; that is, they are exotic (from other countries) species. If a 
pest is an introduced species, predators, parasites, and diseases from its native home 
are possibilities for use as biological control organisms. These potential controls, 
however, must be studied with great care before they are introduced into the area 
now occupied by the non-native pest. 
Procedure 
1. Distribute copies of Rules for Selecting and Releasing Biological Control Organ- 
isms and read and discuss them as a class. 
2. Develop the following scenario (the plant is not a real species, nor are the potential 
natural enemies): 
A perennial plant has been introduced into North America (purpleface 
waterleaf) that is invading and destroying many wetlands by outcompeting native 
vegetation. Purpleface waterleaf, while pretty to look at, has very little value as 
wildlife food and converts marshes and other wetland habitats into nonproductive 
monocultures (only one species of plant) in a very short time. A team of three scien- 
tists is dispatched to Europe and Asia, where purpleface waterleaf is native, to find 
natural enemies to bring back and release against this very severe pest. 
3. Divide the class into teams of three. Give each team a set of Potential Natural 
Enemies of Purpleface Waterleaf. Each team will function as a scientific unit. 
4. Each team of scientists reads and studies its material, thereby “discovering” natural 
enemies of purpleface waterleaf. Each team will discover potential diseases and 
predators (herbivores). Using the rules for selecting biological control agents, each 
group should decide which of the organisms it will recommend to the United States 
Department of Agriculture for importation into the United States to be released as 
natural enemies of purpleface waterleaf. An alternative to immediate release could 
also be that a species has potential, but we currently do not have enough information 
about it. What would students suggest be done in this case? 
5. After completing the exercise, have each student group discuss the organisms it 
chose and justify to the class why. Did all the student groups agree? 
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Student Handout 
Rules for Selecting and Releasing Biological Control Organisms 
The rules listed below are applied by scientists when choosing organisms to be used 
for biological control. Make sure you read and understand each of these rules before 
beginning your “search” for biological control agents of purpleface waterleaf. 
1. An organism that is to be introduced as a biological control agent must prey only 
(or mostly) on the target pest. Note that a pest is often an organism from another 
country that has become a problem because it was imported (usually accidentally) 
without its natural enemies. These natural enemies helped control it in its native 
home and can potentially be used to help control the pest in its new home. 
2. The imported biological control organism should come from a climate and 
biological community similar to those into which it will be introduced. For ex- 
ample, if you want to control a pest of citrus trees, a biological control organism must 
be able to withstand the high heat of most citrus-growing areas in the U.S., and be 
able to grow and reproduce in its new environment. For example, an insect that 
required an extended cold period (winter) to complete its development would not be 
a suitable candidate. 
3. An organism that is to be used for biological control must be easy to capture, be 
raised in large numbers for release (inundative release), or have a high enough 
reproductive potential in its new home so that its numbers will increase rapidly 
(inoculative release) after release. For most programs to succeed, thousands of 
individuals of a particular natural enemy must be released into the environment, an 
effort that may take several years. Such large-scale releases are the best way to ensure 
that enough males and females (in the case of larger organisms) find each other to 
mate and reproduce in their new home. In the case of disease-causing organisms, a 
release of large numbers may initially cause a wide-scale outbreak of the disease and 
establish it so that subsequent outbreaks also occur in future years and help control 
the unwanted organism. 
4. An organism introduced to help control a certain pest must have little or no 
direct or indirect effects on other organisms in the environment (see rule 1) and 
must not become a pest itself. 
54 
Student Handout Potential Natural Enemies of Purpleface Waterleaf 
A Scientific Adventure 
(A) While traveling in northern Iran searching for populations of purpleface water- 
leaf (which you note are very rare), you encounter a small wetland with a few plants 
growing near the edge. Upon close examination, the leaves of one plant 
are riddled with insect feeding, so much so that the plant has failed to 
bloom and appears to be near death. After your excitement diminishes 
somewhat, a careful search of the plant reveals that the damage is being 
caused by a very small leaf beetle. No beetles can be found on the plant 
because when they are disturbed, they simply let go and fall off the plant. 
You collect several hundred beetles from around the plant and take them 
to the nearest laboratory facility in Tehran, where they are identified as the 
waterleaf beetle. A search of the literature reveals that relatively little is 
known about the species except that it feeds on several different kinds of 
closely related waterleafs, has two generations per year, and can be raised 
in captivity, but only on potted waterleaf plants. Female beetles lay 
between 100 and 400 eggs per generation, depending on the time of the 
season. In addition, for beetles to survive and reproduce, they must undergo a cold 
period (with winter temperatures near freezing) for at least 6-8 weeks. 
(B) In northern Germany, you encounter a small population of purpleface waterleaf 
that has wrinkled, curly leaves and very stunted plants. You immediately think that 
perhaps these plants have some sort of disease. Alter collecting a sample of the leaves 
and testing it in a local laboratory, the pathogen is determined to be a kind of virus 
that is unknown to scientists. You have discovered a new kind of pathogen and no 
information is available about it. 
(C) In the same locality, you collect last year’s seeds from several plants and bring 
them into the laboratory for examination. After they were put in a white enamel pan 
and left overnight, you notice that a large number of tiny, white maggot-like crea- 
tures with dark heads have emerged, apparently from the seeds. Each creature is 
placed in a small container of soil where it digs in and forms the pupa. After waiting 
very impatiently for a month, you notice one day that a small beetle, called a seed 
weevil, has emerged from the soil! The beetle is sent off to an entomologist in 
England, who identifies it as the miniature forb weevil. A search of the available 
information reveals that the weevil attacks seeds of a certain size, but is not very 
particular about the kind of seeds it attacks. You also note that rearing the weevil in 
large numbers is likely to be very labor-intensive. 
(D) While traveling through northern Italy, you 
notice that a large marsh has a narrow fringe of gy 
purpleface waterleaf around it. In one place you find aN 
several fairly large caterpillars that are defoliating AR aS 
the young plants. After collecting a quantity of the 
caterpillars and the purpleface waterleaf, you return 
them to a laboratory in Milan where you attempt to 
rear them into adult moths on the potted plants. Just 
before they are ready to form pupae, you notice that 
every caterpillar is covered with at least five fuzzy- 
looking egg-shaped structures. In about a week, the 
mystery is answered as tiny wasps emerge from 
these cocoons. This tells you that all the caterpillars 
had been parasitized by wasps and the wasp larvae 
spent the summer developing in the caterpillar. 
ao 
Even though these caterpillars continued to feed on purpleface waterleaf, they failed 
to develop into adults. Your curiosity aroused, you vow to return next season in an 
attempt to find more caterpillars that are not victims of these parasites. In addition, 
because no adults were produced, you are not able to identify the caterpillars. 
(E) While rearing purpleface waterleaf plants in a greenhouse in Lisbon, you notice 
that several of the plants are wilting and dying. These plants are infested with tiny 
insects called aphids that suck the sap from the plants. After bemoaning the fact that 
they are killing your plants, you are struck by the idea that perhaps these insects 
might also be potential natural enemies. The aphids are identified and it turns out 
that they are a single species with two names, the purpleface waterleaf aphid and the 
cork oak aphid. Puzzled by this, you contact several aphid experts and discover that 
this insect has a very complicated life cycle. The aphids spend the winter as eggs on 
cork oak trees and when they hatch in the spring, they feed for a short time on new 
oak leaves before migrating to purpleface waterleaf. Here they spend the summer 
and reproduce in very large numbers. In the fall, the aphids produce winged off- 
spring that must fly back to cork oak trees, feed for a short while, and lay the eggs 
that will spend the winter. Your curiosity leads you to investigate if this aphid will 
accept a substitute “alternate host” oak tree from North America. You spend several 
seasons doing this research and discover that white and bur oak are acceptable 
alternate host plants. 
(F) Before leaving Europe, you make one more short trip through Austria and 
discover a small patch of purpleface waterleaf that is covered with what appears to 
be a hairy white powder. Puzzled, you consult with a plant pathologist and find that 
the plant has a powdery mildew fungus that is almost always fatal to the plant. 
Searching the literature reveals that all members of the family to which purpleface 
waterleaf belongs are susceptible to this disease, but that it occurs only during 
extremely wet summers with high heat and humidity. In dry cool years the disease, 
while still present, does not appear to affect the plants. You also discover that the 
disease can be easily cultivated artificially in petri dishes in the laboratory. A search 
of the plant literature for North America shows that we have 49 species of the 
purpleface waterleaf family. Three of these species are considered rare and two are 
endangered, but occur only in California and Oregon. 
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True or False Roundup 
Objective 
To demonstrate an understanding of concepts basic to biological control 
Suggested Grade Level 
Grades 8 through 10. You can devise a set of simpler questions for younger students 
using the format shown in the handout True or False — But Why? The easier 
questions given here can be incorporated. Younger students can be asked to give 
justifications orally instead of in writing and encouraged to help each other provide 
justifications. 
Vocabulary 
No new vocabulary 
Materials 
Multiple copies of True or False — But Why? 
Comments 
This activity is intended as a review and should be presented only after students are 
familiar with the basic information in the introduction. 
Procedure 
1. Introduce the activity by reminding students how we sometimes think true or false 
questions make an easy test—almost a guessing game. Today, however, students will 
deal with true or false questions in a more challenging manner. They will be asked to 
decide whether a statement is true or false, but they will also be asked to justify why 
their choice is correct. They will receive one point for a correct true or false answer, 
but they will earn five additional points for the same test item if they provide a clear 
explanation of why that choice was correct. 
2. Distribute copies of True or False — But Why? When students have completed the 
items and provided as many justifications as they can, discuss the results together. 
Students should total their own scores, but they may have to check with you about 
whether or not a given justification warrants the five-point bonus. Alternatively, you 
may wish to collect the papers and grade them yourself. Answers: 1-F, 2-F, 3-T, 4-F, 5- 
F, 6-F, 7-T, 8-F,.9-T, 10-T, 11-F, 12-T, 13-T, 14-F, 15-T, 16-T, 17-T, 18-T, 19-T, 20-F. 
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Student Handout 
True or False — But Why? 
Score 
Read each statement carefully and think about what you have learned about biologi- 
cal control. Decide whether you think the statement is true or false and write your 
choice in the blank provided. Then write a convincing sentence or two that explains 
why you have made the correct choice. You will earn one point for a correct true or 
false choice, but you will earn five additional points for every convincing justification 
you provide. 
1. Natural enemies will prevent all damage by a pest. 
2. An exotic species is a plant or animal that has an unusual life cycle. 
3. The first consideration of a program of pest control should be the conservation and 
enhancement of existing natural enemies. 
4. ET's are extraterrestrial insects. 
5. Destroying the overwintering form of an insect that is a natural enemy of Illinois 
corn will not affect production because corn doesn’t grow during the winter. 
6. When a given environment has a native prey insect and its native predator, the prey 
insect will never become a pest. 
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7. When a minor pest insect expands its range, it is more likely to become a 
major pest. 
8. When an insect develops resistance to a pesticide, the best course of action is 
to apply the pesticide at more frequent intervals and at higher dosages. 
9. Plants introduced from foreign countries may have disastrous effects on native 
plants. 
10. Understanding the life cycle of a pest insect is important in its control. 
11. An insect that experiences incomplete metamorphosis will not live long 
enough to become an adult. 
12. Pesticides that kill nontarget species represent a serious threat to the environ- 
ment. 
13. When we want to control an annual plant pest, we probably need to know 
when it produces seeds. 
ae. 
14. Pesticides that kill the target insect and its predators are the best choice. 
15. Using a biological control along with a pesticide may help to extend the life span 
of that pesticide; that is, increase the number of years during which the pesticide can 
be used. 
16. If a non-native insect has become a pest, one solution is to import the insect or 
parasite that was its enemy in its native environment. 
17. Prey populations are regulated by predators, but predator populations in turn are 
regulated by prey populations. 
18. Parasitoids are likely candidates for biological control because they are often 
specific in the insect hosts they attack. 
19. “Living” pesticides are insects that have been reared in laboratories and then 
released into a setting where they will feed on or otherwise harm a pest insect. 
20. A native insect will never become a pest. 
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Dear Sir or Madam: 
Objective 
To begin to understand some of the social and 
political complexities associated with biological 
control; to take a position for or against biological 
control in a particular situation and to defend that 
position 
Suggested Grade Level 
Adaptable for grades 8 through 10. Younger students 
may be able to tackle role playing in the public forum 
activity but will probably find the letter-writing 
assignment more difficult. 
Vocabulary 
No new vocabulary 
Materials 
Pencils and paper 
Comments 
This activity may be scheduled as a “roundup” assignment near the end of your 
instructional unit on biological control and after you have introduced students to the 
pros and cons of biological and more traditional control methods. 
Procedure 
1. Compile with students a list at the chalkboard of people in their community or in a 
hypothetical setting who would have a special interest in biological control, either pro 




parent of two preschoolers 
truck farmer 
entomologist 
quality control officer for the water supply in an agricultural community that 
depends on deep wells for its major source of water 
quality control officer for the water supply in an agricultural community that 
depends on reservoirs for its major source of water 
high school biology class 
pesticide salesperson 
manager of the produce department of the local supermarket 
2. Note that persons in the same situation might have opposing views; for example, 
one farmer might oppose biological control and another might support it. Discuss the 
kind of community the people on your list live in and develop various points of view. 
Include such factors as cost, availability, safety, traditional ways of doing things, 
special interests, and the like. When students have a background from which to 
develop their own ideas, complete one or both of the following activities. 
3. Each student chooses one of the persons from the list developed by the class or 
another of his or her own choice and, as that person, writes a letter to the local 
newspaper advocating the use of biological controls or defending the use of more 
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traditional methods of pest control (pesticides and herbicides). Share the letters in 
class and then post them on the bulletin board or in a notebook that is accessible to 
the class. Each student then chooses a letter to respond to, either in support of the 
original letter writer’s point of view or in opposition to it. Match the second set of 
letters to their mates in the initial correspondence and discuss what new information 
or insights have developed. 
4. As an alternative or in addition to the letter-writing activity, set up a “public 
forum” where local citizens have gathered to discuss the merits of biological control. 
Again, students choose a role (truck farmer, parent, high school biology teacher) and 
speak for or against biological control as they perceive its use from their special 
vantage point. Act as the moderator yourself or assign a student to take that role. 
Involve as many members of the class as you can, even if you have to call on “Bob 
Smith,” the manager of the produce department of the local supermarket, or “Mrs. 
Jones,” who lives on a small lot surrounded on all sides by extensive agricultural 
fields, for their opinions. 
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Objective 
To envision ways in which consumers, voters, and taxpayers can advance the cause 
of biological control; to campaign for biological control in the classroom or the school 
Suggested Grade Level 
Adaptable for grades 5 through 10. The sophistication of the discussion and the 
campaign will depend on the age and experience of students. 
Vocabulary 
No new vocabulary 
Materials 
Dependent on the ideas generated by the class. Typical materials: colored paper, 
poster board, crayons, felt-tipped pens, balloons, old bed sheets or other fabric for 
banners. 
Comments 
Review the material from the introduction (pages 1-19) that lists positive attributes of 
biological control (specificity, nonpolluting, economic benefits, etc.). Discuss why 
biological control is making its way so slowly (much research required, lack of public 
education, inadequate funding). 
Procedure 
1. Initiate a discussion based on this question: “What can you as future voters, 
taxpayers, and consumers do to advance biological control?” List responses on the 
chalkboard. Among the possibilities are these: accept less than perfect fruit and 
vegetables (become a consumer who shops from a biological perspective); write 
legislators at the state and federal levels, urging the funding of research for biological 
control; avoid using pesticides on your own lawn and garden; write letters to the 
editor of your local paper; become a farmer who is oriented toward biological 
controls; talk about natural controls (education through conversation); vote for 
representatives who are environmentally aware and support biological control; 
become a scientist—even an entomologist! 
2. Ask students to suppose that they had the funding to create a media blitz for 
biological control. How would they go about it? The possibilities will depend upon 
the ideas generated by your class. Here are a few ideas to get you started: 
A. Small groups of students can write a script for a three-minute TV clip on the 
issue. They can make visual aids—charts, posters (a perfect apple and a less than 
perfect one), and the like. They can interview a farmer, a scientist, and a consumer. If 
possible, film the end result with a camcorder and present it to the class, but a live 
“television” presentation can be just as effective. 
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